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Take Measurem 
With Absolute 
When it comes to your measurements, don't 
guess ... know. Look for detailed absolute accuracy 
specifications before you buy. 
Choose National Instruments products to get up to 
0.0127% absolute accuracy backed by: 
tI' Nl5T-traceable calibration certificates 
tI' Hands-free user calibration with 
autocalibration software 
tI' Global calibration services through: 
• National Instruments 
• AN5ljNC5L Z54G-1 and 150 Guide 25 
Certified Metrology Labs 
Calibration removes measurement uncertainties introduced 
by temperature drift and time, and is required to deliver 
the specified accuracy. 
National Instruments data acquisition meets your 
needs for accuracy and calibration so you can 
Take Measurements, Not Estimates 
NATIONAL 
I NSTRUMENTS™ 
ni.comlinfo/calibralion (800) 327·9894 
Tel : (512) 794-0100 • Fax: (512) 683-9300 • info@ni.com 
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to leam more about 
caHbratlng your PClJasei 
measurement devices 
e& ~~ o U 0ne~0rNe. Po..BI:a.w>47 C). sa.mIofd CT 0I907-0G47 
.1, 
m,Q) Q)E 
ei 
Oc: 
~~ 
~= ~i 
To Request Your 
DILBERl' by Scott Adams 
AND WE. !<.NOW ~~55 CREATES GRAVlT'f 
BECAUSE OENSE 
PLANETS HAVE. 
MORE: GRAVITY 
DILBER1" Deck CIIrd PacIc, Dial: OII.I!ERTO .... -.. __ 1ne 
1-(203)-329-1266 
Get Your Dilbert Card Deck~ No. 570 
SHOP OUR NEW 11 LINE STORE! 
Over 100,000 Process Measurement 
and Contro. Products! 
omega.com™ 
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PLANf.TS 
ARE MORE. 
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• Large color display for 
real-time data viewing 
Intuitive touch-screen interface 
simplifies setup and operation 
• Look-back while recording 
in real time 
• Up to 32 analog or digital 
input channels 
• Virtual Chart 1M efficiently stores 
data while saving paper 
• Ethemet interface for command 
and control 
• High-resolution chart printing for 
clear, crisp traces 
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There are 
a ton of reasons 
to use Vespel® just 
about anywhere. 
The reasons to use Vespe polyimide parts and shapes 
keep piling up. And not just because they stand up to heat, 
friction, pressure and aggressive environments - with 
minimal or no lubrication. Manufacturers are finding that 
Vespe parts in a wide range of applications can really 
trim the bottom line. That's because the reliability and 
long life of Vespe parts can make them the most cost-
effective choice for general applications in the long term. 
If your applications require parts that can withstand 
extreme temperatures (cryogenic to 550 F), Vespe should 
be your first choice. Vespe should al 0 be considered for 
parts that rub together, if metal parts are too noi y, or if 
fluid flow needs to be controlled. 
Superior performance and reliability aren't the only 
ways Vespe can save you money. Often, you can con-
solidate two or more existing parts in one Vespe piece. 
Seal . gs. ~ 
In the assembly of automobile 
construction equipment, 
Vespelo seal rings reduce 
Bushings. costs by replacing expensive metal rings, which can fracture 
or defonn during assembly. 
They also reduce warranty 
costs by producing 
In aircraft engine vanes, Vespelo bushings wilh>tand high-frequency 
vibration diLbering and offer exceUent sIllbility and lubricity at extreme 
leITlperaLUreS. They also reduce assembly time. 
a better seal. 
ThlUst Washers. 
In construction equipment transmissions, Vespelo 
thrust washers reduce costs and manufacruring time 
by eliminating !he need for secondary machining. 
Vespelo washers also wilhstand high pressure and 
exhibit minimal wear with limited or no lubrication. 
Compressor 
Discus Valves. 
SupennarkelS are cooling 
foods more efficiently wilh 
discus compressors, fearuring 
componenlS made of Vespel' 
Vespel nOl only reduces 
energy and noise levels, but 
it also offers excellent 
wear resistance. 
The Vespelo pan 
is expected 
to operate 
for 15 years 
Without failure. 
And Ve pe parts can be direct-formed, 
which eliminates machining costs. 
When you consider bow co t-efl'ective 
Vespe parts can be in the long term, 
it's clear that we don't ju t make better 
bu hing, bearing, washers and eal. 
We make better ense. 
Thrust 
Devices. 
The automotive industry count, 
on Vesper lhrust devices because 
they reduce friction, extend 
component life and can be ea~ily 
molded. What's more. !he variety of 
Vespel' grades allows 
mnnufacrurers 
to specify the 
properties they 
need most. 
IF YOU WANT 
TO GET TECHNICAL 
For information, 
cI1I1-IOO-912-1252. 
Or visit our 
website It 
www.dupontcom/vespeL 
Insulators. 
In plasma-arc cutting torches, 
Vespel insulators provide superior 
strength and durability at high 
temperatures up to 550 F, lasting 
up to six times longer !han 
fragile ceramic insulators. 
Stripper Fingers. 
Thank to its high temperature 
resislance, Ve'pel parts are 
ideal for copier tripper 
fingers. The Vespelo fmgers 
resi t beat as weU as toner 
buildup, aUowing a greater 
number of copie~ 
without part changes. 
<[[]POtID 
Vespel 
Only by DuPont 
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All vou need to do FEA within CAO 
$915 
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PRODUCT OF THE MONTH 
FEMLABO multiphysics model ing and 
analysis software from COM SO L. 
Burlington, MA, models virtually 
any physical phenomena. 
14 
ON THE COVER 
The E3G-l1 photoelectric sensors from 
Omron Electronics. Schaumburg, II.. use a 
pinpoint beam to detect the presence or 
absence of minute targets without the 
use of a laser beam. The beam helps the 
sensors detect objects regardless of their 
glossiness, color. material, surface irregu-
larities, or inclination. For more informa-
tion on this and other new sensing inno-
vations, see the Special Coverage on 
Sensors beginning on page 34. 
(Photo courtesy of Omron Electronics) 
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personal use of specific clients. is granted by Associated Business Publications, provided that 
ti,e nat fee of 3.00 per copy be paid directly to ti,e Copyright Clearance Center (222 Rose 
Wood Dr .. Danvers, MA 01923) . For those organizations thaI have been granted a photocopy 
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Transactional Reporting Service is: ISSN 014(;'319X194 $3.00+.00 
Introducing the World's First Miniature NIST-traceable Lamp for Optical Fibers 
8 
The LS-I -CAL NIST-traceable Fiber Optic Light Source provides 
the user with absolute spectral intensity values vs. wavelengths --
at the fiber entrance port. Imagine ... a calibrated source for 
opticalfibers! Here are some other benefits: 
• Low cost. At $549, the LS-J-CAL is thousands of dollars less 
than conventional radiometric standards. 
• NIST-traceable calibration. Included is calibration data for the 
lamp's spectral output from 300-1050 run. 
• Small size. "Portable" best describes the LS-I-CAL. It will 
operate from any well-regulated 12VDC power source, and 
it's small enough to fit into a shirt pocket. 
• Integrating spbere option_ Lamp couples to fiber optic 
integrating sphere and spectrometer to measure LEDs . 
Fax: 
E-mail: 
Web: 
For More Information Circle No. 410 
......... ,..~, Inc. 
(727) 733-3962 
Info@OceanOptics.com 
www.OceanOptics.com 
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2 Gigabyte 
On-Board Acquisition Memory 
Up to 500 MS/s ampling Rate 
8 bit, 500 MS/s AID Sampling 
12 bit, 100 MS/s AID Sampling 
16 bit, 2.5 MS/s AID Sampling 
32 bit, 100 MHz Digital Pattern Acquisition 
.. Supports PCI Bus Transfers 
Compatible with Win 95/98/NT, Win 2K, DOS 
2 GS/S 
AID & Seop d for PCI Bus 
CompuSeope 82G 
2 Billion Samples per Second 
Digitization on one Channel 
Simultaneous 1 GS/s Sampling 
on 2 Channels 
Up to 16 Meg On-Board 
Acquisition Memory 
I" Wide Analog Bandwidth 
,lit SDKs for DOS, Win 95/98, Win NT, 
MATLAB, LabVIEW 
GAGE APPLIED SCIENCES INC. 
From outside the United States contact, Gage Applied Sciences Inc., Tel: +1·514- 633·7447 Fax: +1·514· 633·0no, e·mail· prodlnfo@gage·applied.com 
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KINGSTON'S STORAGE PRODUCTS DIVISION (SPD) 
The 12-year m:tnufacturn (If the onginal Data Expre sa 
ant! other RAID ready storage enclosures, Is about 
to e.-plore new \alaS KlI1gs!on " the worlds large~! 
memof) manufacturer, IS plannmg to >pm-olf the 
succe sful dIVIsIOn as a i~ter company under the name 
lOrWse Technolog} Inc on June 1, 2000 
What will this mean to ou? "'nh plan. to dd mOTe 
dedlUited reSOUTt , IOr(.ase WIll be able to funha 
foeu., on new storage products and bnng them 10 
market sooner. Becausc 10rC.1SC "'111 rl:mam m the 
same faciliues, you can count on IhlS hemg a seamless 
lranslllon, mamlaming the same quality products, 
scnicc and suppon, 
Kings ton' SPD - ready to make a bIg splash of 
lIS ovm . For more details, call a KmgslOn 
slorage represcntau\,e at (800) 337-8421 or 
viSIt us at www.kingston.com/storage. 
s r o".Of paOOUCTS O , ttU f OH 
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NASA 
Commercial 
Technology 
Team 
NASA's R&D efforts produce a robust supply of promising technologies with applications in many 
industries. A key mechanism in identifying commercial applications for this technology is NASA's 
national network of commercial technology organizations. The network includes ten NASA field cen-
ters, six Regional Technology Transfer Centers (RITCs), the National Technology Transfer Center 
(NTTC), business support organizations, and a full tie-in with the Federal Laboratory Consortium 
(FLC) for Technology Transfer. Call (609) 667-7737 for the FLC coordinator in your area. 
NASA's Technology Sources 
If you need further information about new technologies presented in NASA Tech Briefs, 
request the Technical Support Package (TSP) indicated at the end of the brief. If a TSP is 
not available, the Commercial Technology Office at the NASA field center that sponsored 
the research can provide you with additional information and, if applicable, refer you to the 
innovator(s). These centers are the source of all NASA-developed technology. 
Ames Research Goddard Space Johnson Space langley Research Marshall Space 
Center Flight Center Center Center Flight Center 
Selected techno- Selected techno- Selected techno- Selected techno- Selected techno-
logical strengths: logical strengths: logical strengths: logical strengths: logical strengths: 
Fluid Dynamics; Earth and Artificial Intelli- Aerodynamics; Materials; 
Life Sciences; Planetary genceand Flight Systems; Manufacturing; 
Earth and Science Human Computer Materials; Nondestructive 
Atmospheric Missions; lIDAR; Interface; Structures; Evaluation; 
Sciences; Cryogenic Life Sciences; Sensors; Biotechnology; 
Information, Systems; Human Space Measurements; Space 
Communications, Tracking; Flight Operations; Information Propulsion; 
and Intelligent Telemetry; Avionics; Sensors; Sciences. Controls and 
Systems; Remote Sensing; Communications. Sam Morello Dynamics; 
Human Factors. Command. Hank Davis (757) 864-6005 Structures; 
Carolina Blake George Alcom (281) 483-0474 s.a.morello@ Microgravity 
(650) 604-1754 (301) 286-5810 henry.l.davis 1@jsc. larc.nasa.gov Processing. 
cblake@mail. galcom@gsfc. nasagov Sally Little 
arc.nasa.gov nasa.gov John H. Glenn (256) 544-4266 Kennedy Space Research Center saJly.little@msfc. 
Dryden Flight Jet Propulsion Center at lewis Field nasa.gov 
Research Center laboratory Selected techno- Selected techno-
Selected techno- Selected techno- logical strengths: logical strengths: Stennis Space 
logical strengths: logical strengths: Command, Aeropropulsion; Center 
Aerodynamics; NearlDeep- Control, and Communications; Selected techno-
Aeronautics Space Mission Monitoring Energy logical strengths: 
Flight Testing; Engineering; Systems; Range Technology; Propulsion Systems, Fluids 
Aeropropulsion; Microspacecraft; and Fluid 
High Systems; 
Flight Systems; Space Systems; Materials 
Temperature TesVMonitoring; 
Thermal Testing; Communications; Materials Remote Sensing; Evaluation and Research. Nonintrusive Integrated Information Process 
Systems Test Systems; Larry Vitema Instrumentation. Engineering. 
and Validation. Remote Sensing; Gale Allen 
(216) 433-3484 Kirk Sharp 
Lee Duke Robotics. (407) 867-6226 cto@grc. (228) 688-1929 (805) 258-3802 Merle McKenzie gale.al/en-l@ nasa.gov technology@ 
lee.cAJke@dfrc. (818) 354-2577 ksc.nasa.gov ssc.nasa.gov 
nasagov merle.mckenzie@ 
jpl.nasa.gov 
NASA-Sponsored Commercial Technology Organizations 
These organizations were established to provide rapid access to NASA and other federal R&D and 
foster collaboration between public and private sector organizations. They also can direct you to the 
appropriate pOint of contact within the Federal Laboratory Consortium. To reach the Reg ional 
Technology Transfer Center nearest you, call (800) 472-6785. 
Joseph Allen Dr. William Gasko Gary Sera Chris Cobum 
National Technology Center for Technology Mid-Conllnent Great lakes Industrial 
Transfer Center Commercialization Technology Transfer Technology Transfer 
(800) 678-6882 Massachusetts Center Center 
Technology Park Texas A&M University Battelle Memorial 
(508) 870-0042 (409) 845-8762 Institute 
Ken Dozier (440) 734-0094 
Far-West Technology J. Ronald Thomton Lani S. Hummel 
Transfer Center Southern Technology Mid-Allanlic Technology 
University of Southem Applicalions Center Applications Center 
Califomia University of Florida University of Pittsburgh 
(213) 743-2353 (352) 294-7822 (412) 383-2500 
NASA ON-LINE: Go to NASA's CommerCial Technology Network (GTN) on the World Wide Web at 
http://nctn.hq.nasa.goY to search NASA technology resources, find commercialization opportunities, 
and learn about NASA's national network of programs, organizations, and services dedicated to tech-
nology transfer and commercialization. 
NASA Program Offices 
At NASA Headquarters there are 
seven major program offices that 
develop and oversee technology pro-
jects of potential interest to industry. 
The street address for these strategic 
business units is: NASA Headquarters, 
300 ESt. SW, Washington, DC 20546. 
Carl Ray 
Small Business 
Innovation Research 
Program (SBIR) & 
Small Business 
Technology Transfer 
Program (STTR) 
(202) 358-4652 
cray@mail.hq. 
nasa.gov 
Dr. Robert Norwood 
Office of Commercial 
Technology (Code RW) 
(202) 358-2320 
morwood@mail.hq. 
nasa.gov 
John Mankins 
Office of Space Flight 
(Code MP) 
(202) 358-4659 
jmankins@mail. 
hq.nasa.gov 
Terry Hertz 
Office of Aero-Space 
Technology (Code RS) 
(202) 358-4636 
thertz@mail. 
hq.nasa.gov 
Glen Mucklow 
Office of Space Sciences 
(CodeSM) 
(202) 358-2235 
gmuc/doW@mail. 
hq.nasa.gov 
Roger Crouch 
Office of Microgravity 
Science Applications 
(Code U) 
(202) 358-0689 
rcrouch@hq.nasa.gov 
Granville Paules 
Office of Mission to 
Planet Earth 
(Code V) 
(202) 358-0706 
gpaules@mtpe.hq. 
nasa.gov 
NASAls Business Facilitators 
NASA has established several organi-
zations whose objectives are to estab-
lish joint sponsored research agree-
ments and incubate small start-up 
companies with significant business 
promise. 
Wayne P. Zeman 
lewis Incubator lor 
Technology 
Cleveland, OH 
(216) 586-3888 
B. Greg Hinkebein 
Mississippi Enterprise 
lor Technology 
Stennis Space 
Center, MS 
(BOO) 746-4699 
Joe BOeddeker 
Ames Technology 
Commercialization 
Center 
San Jose, CA 
(408) 557-6700 
Marty Kaszubowski 
Hampton Roads 
Technology Incubator 
(langley Research 
Center) 
Hampton, VA 
(757) 865-2140 
If you are interested in information, applications, and services relating to satellite and aerial data for Earth resources, contact: Dr. Stan Morain, Earth Analysis 
Center, (505) 277-3622. 
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~" PRO Due T 0 F THE M 0 NTH 
COM OL, Burlington, MA, has introduced FEMLABs multiphysics modeling and analy i oftware that automate methods of parametric analy i and de ign optimization. The software runs on top of MAT-LABs technical computing software from The MathWorks ( atick, 
MA) , and can model virtually any physical phenomena with partial differential 
equation including heat transfer, fluid flow, electromagnetic , and structural 
mechanics. Available for mo t operating systems, including U IX and 
Windows, the software can model phenomena that involve several di cipline 
at the same time. It can import DXF drawing files from CAD software, and 
include a ModeJ Library of more than 80 model that hows ready-ta-run 
examples for common situations in multiple application areas. The program 
features automatic code generation for converting a graphically derived 
phy ics model to a equence of MATLAB command . 
For More Information Circle No. 156 
14 www.nasatech.com 
What's New in NTB 
B eginningwith last month' issue, we introduced a new, reg-
ular briefs ection devoted 8~ 
exclusively to all aspects of E 
Test and Measurement. r 
Check out thi ection each r 
month for the latest ASA innovation 
in t t, measurement, and monitoring 
( ee page 48 in thi i ue) . 
You may have been 
surpri ed to receive an 
added bonus with your 
March issue of j<\SA 
Tech Briefs - the inau-
guraI i ue of AFRL 
Technology Harizons, the 
new quarterly maga-
zine from the publi h-
ers of NTB. The maga-
zine erves as a vehicle through which 
the Air Force Re earch Laboratory 
(AFRL) lets the US scientific community 
know about its research, facilitie , and 
technology tniJe tones. 
For more infomlation, or if you'd like 
a free ub cription to Technology Harizons, 
visit www.afrlhorizons.com. 
A Tech Briefs, May 2000 
Have more time 
to work on the 
really hard stuff. 
N ow you can have more time to think, more time to explore, more time to solve 
real problems. With MATLAB, you can analyze data and develop 
interactively. MATLAB integrates numeric computation, 
advanced graphics and visualization, and a high-level 
programming language in a single environment. 
MATUJJ includes puwerjill visualization Companion products provide application-specific 
features for creating images like this isosurfaa 
of wind speeds over North America. tools that save you even more time. 
Start now. Get product details, complete specifications, and application examples. 
Learn how MATLAB can help you work smarter. For product 
information, or to buy online, visit www.mathworks.comlntbm. 
The 
MATH 
~ 
Visit www.mathwarks.(om/ ntbm 
Or CaU 508'647-7000 
MATUJJ tools include 
interactive signal 
analysis and filter 
design, 2-D and 3-D 
plolll/lg, alld volume 
We haW' iii worldwidt- netWork of international fepreKtllaUvt:S. 
VISit our \\'eb site at WWW..rm.thwurb..c.omlt'Uf (or mott mfonnatioo. 
For More Information Circle No. 502 
Data Acquisition Toolbox 
MATUJI Report Generator 
C/C++ Graphics Library 
MATUJI Web Server 
• Optimization Toolbox 
Reader Forum 
Reader Forum is devoted to the thoughts, concerns, questions, and comments of our readers. If you have a comment, a 
question regarding a specific technical problem, or an answer to a question that appeared in a recent issue, end your letter 
to the address below. 
(Editor's Note: The editors of NASA 
Tech Briefs would like to thank the thou-
sands of you who submitted votes in our 
1999 Readers' Choice Product of the Year 
Awards. Because they are chosen by our 
readers, the awards hold special signifi-
cance to the winners. For detailed infor-
mation on the presentation of the fifth 
annual awards - and for the names of 
the lucky readers who were winners in our 
random drawing - see page 28.) 
I need to locate dielectric data for ceram-
ics with relative permittivities greater than 
50, 000. Some ceramic compounds have 
relative permittivities greater than 100, 000 
16 For More Information Circle No. 412 
- I'd especially like to know more about 
these. Thanks for any assistance. 
Julian Kalmar 
jkalmar@earthlink.net 
I am developing cold-water-soluble 
tapioca starch as a lamination adhesive for 
the corrugated paper box industry. After 
hydrolysis by HCi acid, I've added caustic 
soda and borax to get better results, but I 
want to increase the tack adhesion prop-
erty, reduce the drying period, and 
increase the bursting strength of the box. 
Can anyone suggest some suitable addi-
tives? Thank you. 
Raja Ranade 
fantagum@pn2.vsnl.net.in 
(Editor's Note: Fellow reader Lucien 
Agniel suggests contacting the US 
Department of Agriculture's laboratory in 
Peoria, IL, for suitable additives. The Peoria 
lab has developed most of the modified 
starch additive technology in the US, 
according to Lucien. Visit the web site at 
www.usda.gov for more information.) 
I am currently in need of a supplier of 
Invar (preferably Invar-36) tubing. The tub-
ing would have approximate dimensions 
of 1.125" 10 x 1.375" 00. Thank you for 
your assistance. 
P. Palumbo 
ppalumbo@hach.com 
Post your letters to Reader Forum 
on-line at: www.nasatech.com or 
end to: Editor, :ASA Tech Briefs, 
317 Madison Ave., New York, NY 
10017; Fax: 212-986-7864. Please 
include your name, company (if 
applicable), addre s, and phone 
number or e-mail addre s. 
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o tiCAO New Version 6.01 Now with IGES import 
, 
Software for Stray Light and Illumination Analysis 
OptiCAD models arbitrary 3D optical 
systems illuminated by multiple arbitrary 
sources. Objects and light sources are 
defined, placed and combined in a 3D 
CAD environment. 
Objects are created within OptiCAD, or 
imported using IGES, STL, or ZEMAX® 
format files. Once objects are imported, 
surface and volume properties such as 
glass, gradient index, transmission, 
reflection , scattering, absorption, and thin 
film coatings are applied. 
Scattering models include BSDF/BRDF 
data or parametric formulas. Optical 
coatings may be multilayer dielectric or 
metallic coatings. 
Light sources are defined using points, 
lines, arcs, luminous volumes, IESNA 
lamp data or Radiant Source ™ data files. 
Multiple sources may be placed anywhere 
within the geometry. 
OptiCAD then performs ray tracing to 
determine irradiance distributions on any 
surface anywhere in the model. All effects 
of transmission, reflection , scattering, 
absorption, TIR, and polarization are 
accounted for. At surfaces which partially 
transmit and partially reflect light, both 
paths are traced to account for all energy. 
OptiCAD imports objects designed in 
mechanical CAD packages using the 
built-in IGES or STL convertors . OptiCAD 
models surface and volume scattering, 
and supports user defined sources and 
gradient index media. 
OptiCAD is priced at $3,500.00 and runs 
under Windows 95/98 or NT. Please 
contact Focus Software or visit our web 
site for more information. 
~~I 
False color irradiance distributions are viewed anywhere (tin place" on 
detectors of arbitrary shape. 
Complex objects may be imported, like this IGES light bulb. Other 
objects, such as this lenslet array, are generated within OptiCAD. 
BSDFIBRDF measured scattering 
data may be placed on any 
surface for accurate modeling of 
scattered light. 
Image of a helical light source ray 
traced in OptiCAD. Light sources 
include parametric models, user 
defined, or tabulated ray data. 
Focus Software, Incorporated 
P. O. Box 18228, Tucson, Arizona 85731 USA 
Tel: (520) 733-0130 Fax: (520) 733-0135 
~ ---------------- www.focus-software.com 
Radiant Sources is a trademark of Radiant Imaging, Inc. 
For More Information CIrcle No. 495 
Time is precious. 
Time is scarce. 
Time is money. 
Newport understands this fundamental BUSl ESS 
concept and has designed and engineered its products 
and services v.'ith this very concept in mind. Whether 
you need products to shorten your R&D time, or turn-
key solutions to minimize your manufacturing cycle 
time. look to Newport to reduce your time to market. 
Don't delay - contact ewport today and start saving 
both time A D money! 
ee the next generation of our passive and active deVIce 
packaging and test systems: 
• Laser Diode Packaging and Characterization 
• Passive Device Fiber Alignment and Test 
• Integrated Fiber Optic Test Capabilities 
Burn-in and Environmental Test Stations 
USA: 800-222-S440, 949-863-3144 • Belgium; 016-402927 • Brazil: 55-11-3871-1996 • Canada: 905-567-0390 • France: 01-S0916868 • Germany: 06151-3621-0 • Italy: 02-924-5518 
Japan: 81-3-5379-0261 • 1I«ea: 82-42-534-1091 • Netherlands: 030-6592111 • Singapore: 65-844-0055 • Switzerland: 01-744-5070 • Taiwan R.O.Cc 886-2-2769-9796 • UK: 01635-521757 
For More Information Circle No. 478 or Visit www.nasatech.com/478 COME VISIT US AT CLEO 
BOOTH 1100 
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DPSS sers 
Come of Age 
Diode-pumped solid-state lasers 
enter the tunable field. 
A little as five year ago, if you wanted a laser produc-ing watts of green light, you could choo e from the fol-lowing: 
• An argon la er requiring a much as 
10-20 kW of prime power, gallons-per-
minute cooling and approximately 
20-30 ft. ' of pace; 
• An arc-lamp-pumped d :YLF or 
d:YAG laser with roughly the arne 
appetite for utilitie and real e tate; 
• A fla hlamp-pumped d :Y Glaser, 
Ie s gluttonous but omewhat more 
finicky, and providing only 100 pul e 
per econd at be t; and 
• A copper vapor la er with a live-in 
' technician to house and feed. 
Then along came diode-pumped 
olid- tate (DPSS) la ers, and suddenly 
10 watts of green light could be pack-
aged in about 4 ft.' of real e tate , con-
An Evolution with Indigo pulsed single-frequency Ti:sapphire laser attached. 
4a www.nasatech.com 
uming a couple of kilowatts, includ-
ing cooling. Of equal importance, the 
DPS la er promi ed va tly improved 
reliability and much more stable per-
formance than the technologies it was 
di placing. There was unanimou 
approval from the scientific la er 
community. The response from re-
earcher attempting to take the earli-
er la er out of the laboratory and into 
industrial , mobile, and airborne envi-
PhOLOnics Tech BriefS, May 2000 
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Figure 1. Schematic of the Evolution diode-pumped laser cavity. 
ronments was similar: a collective sigh 
of relief could be heard from 1PL to 
Goddard. 
In the five or so years since their 
wide pread introduction commercially, 
DPSS lasers have more than lived up to 
their hype, and now stand ready to 
make significant contributions in 
research areas that include LIDAR, 
spectroscopy, and laser remote sensing. 
A close look at evolving DPSS technol-
ogy yields even more reason for opti-
mism, as costs, lifetimes , and perfor-
mance all continue in directions favor-
ing consumers. 
An example is Positive Light's 
Evolution. The Evolution-X is an 
d:YLF laser producing 10 W at 527 
nm. The single Nd:YLF rod is trans-
versely pumped by 4 40-W diode bars 
arranged around the water-cooled rod 
(see Figure 1). The pump diodes oper-
ate continuous-wave, with the slightly 
lower gain compared to pul ed opera-
tion compensated for by the improved 
diode lifetime . The re onator de ign 
produces a multimode output with a 
fla t beam profile. An acou to-optic 
modulator serves as the Q- witch, and 
th e intraca ity LBO frequency-dou-
bling crystal features noncritical 
phase-matching. By using the LBO 
crystal at 90' with respect to the optical 
axis, the angular acceptance is greatly 
increased , thus promoting long-term 
stability without the need for continu-
ous tweaking. The result of this design 
6a 
is that a strip-chart recording (see 
Figure 2) shows the Evolu tion 's outpu t 
stability is 0.2 percent RMS over a 24-
hour period. 
Because Nd:YLF exhibits negligible 
thennallensing, the Evolution's repeti-
tion rate can be easily changed from 1 
kHz to 5 kHz without affecting beam 
quality. O nce again addressing the 
need for long-term reliability and per-
formance stability, the Evolu tion is 
mounted onto a monolithic p latform 
that shares water-to-air cooling with th e 
d:YLF rod. (Continued) 
Evolution power strip en art 
12.---------------------------------------------------------. 
1 0 t-------------------------------------------------------~ 
E_X_hIot_ 
...... 
.... 
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~ 
• ,-
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o ~----~------~---=~======~======~====~ 
o 12 18 20 24 
time [hours] 
Figure 2. Recording over a 24-hour period of the Evolution's output power, showing excellent power rnbility of 
0.2 percent RMS. 
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www.exfo.com 
IQ-120048 
Dense WDM Passive Component Test System 
from EXFO, the Fiber-Optic Testing Specialists. 
Complete automated DWDM component analysis is finally available with our 
new 10.120048 DWDM Passive Component Test System. It is fast, accurate, 
and flexible, yet uncomplicated and totally autonomous. We built it from 
the ground up, drawing on our expertise as fiber-optic testing specialists 
and system integrators and on your input to create a system that will get 
your next-generation products qualified, tested, and out the door. 
And that, in the final analysis, is the bottom line. 
CORPORATE HEADOUART£RS TeL (418) ~I Fax: (418) 683-2170 EXFO AMaUCA Tel , 1 800 663-3936 Fax-(972) fK17.'l2!f1 
EXFO EUIIOPE Tel: <33 1 34 63 00 20 Fax: +33 1 34 65 90 93 EXFO ASIA TeL +81·3-5940-50110 Fax: +81·3-5940-5415 
we design the future. ™ 
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Accelerate 
Vision 
Applicatio 
Develo---
Quickly develop machine vision 
and scientific Imaging solutions 
with new IMAQ" Vision Builder. 
• Easy.to-use interactive 
vision environment 
• Automatically generate 
application recipes for LabVIEW 
and Measurement Studio" 
• Quick application evaluation 
and "what-if" testing 
• Access complete machine 
vision library 
• Acquire images from file and 
analog and digital cameras 
• Fast processing for Intel" 
MMX technology 
• Solve applications for gauging, 
part inspection, counting, 
and more! 
, 
PC Based Vision 
Product Guide 
Tel: (512) 794<l100 • Fax: (512) 68:M1:nJ 
info@ni.com 
.~2000"""'_c.o-- ...... ____ 
.... --.- ... -_._---
--
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A Sharp Drop in Price 
It i worth noting that while DP 
la er have been around for more than 
a decade , the co t a ociated with 
diode pumping precluded them from 
high-power commercial laser viability 
until quite recenu . Within the la t two 
ear , diode bar arra producing in 
exce of 40 W at about O. llm, a 
neodymium pump line, have fallen in 
price dramaticall. omewhat more 
graduall , the lifetime for diode have 
ri en, and Po itive Light nO\ guaran-
tee the Evolution' performance for 
5000 hours of operation. 
Though much can be accompli hed 
u ing green light at a fixed wavelength 
Output coupler 
Figure 3, dubbed "MDW' for mode-di -
crimination walk-off. 
A Ti: apphire rod 3 mm in dianleter 
and 15 mm in length i longitudinall 
pumped wi.th an Evolution at 527 nm. 
The I ing output i gain- witched-
the 150-n pump pul e from the 
Evolution as ure a 10\ peak-power level 
in the Ti: apphire , and a comfortable 
safety cu hi on again t damage on all 
the optical urface. 
Three of the main ar as of commer-
cial interest in the Indigo tern are 
light detection and ranging (LIDAR) , 
resonant ion mass pectro cop (RIM ), 
and ozone detection . Becau e the ta-
bilit of the tem mean it i well uit-
Grating 
Pump beam 
Tuning mirror 
1< 7.nches >1 
Figure 3. Schematic of the Indigo Ti:sapphire single-frequency laser cavity. 
(i.e., mea urements of aerosol catter-
ing, la er ranging), the market poten-
tial for tunable la ers ha con iderably 
more appeal. Since the late 70s, argon 
and frequency-doubled d:YAG laser 
were put to work as the pump sources 
for tunable dye la er . Ju t as the e 
older pump laser gave way to DP 
laser, the dye laser i inexorabl being 
replaced by olid-state alternative, 
most notably titanium-doped sapphire 
(Ti:sapphire) . 
Last year, under a licen ing agree-
ment with tanford niver ity, Po itive 
Light introduced Indigo, the fir t all-
olid- tate pul ed laser combining nar-
rowband (single-longitudinal-mode) 
performance with wide tunability from 
the to the IR. When paired with 
Evolution-X, the Indigo produce a 1-
kHz output of more Ulan 00 micro-
joule at 800 nm. The tran form-limited 
pul e are about 10 n in duration, and 
pul e-to-pul e energy tability i better 
than 2 percent over the fundanlental 
tuning range from 690 to 920 nm. The 
tanford/ Positive Light de ign feature 
a unique cavity configuration, shown in 
www.nasat.ech.com 
ed to harmonic generation, the Indigo 
can be specified with an output as hort 
a 193 nm, where its z5-mW output 
complements excimer la er in low-
power applications, including metrolo-
gy and optical system alignment. The 
entire Indigo-193-nm y tern consume 
les than 2 kW of power, and the y tem 
footprint is a paltry 24-x-31-x-6 in. for 
the laser heads, and 20-x-17-x-13 in. for 
the power supply. 
In offering a complete turnke ys-
tern for tunable narrowband laser radi-
ation, Positive Light hopes to extend 
the operating platform for laser sy-
tems that have been omewhat notori-
ous in their attendant need . Higher-
power ver ion of the Evolution are 
already under development; >20 W 
output at 527 nm i expected before 
the end of the year. 
For more information contact Leigh 
Bromley, R&D manager at Positive Light, 
103 Cooper Court, Los Gato , CA 95030; 
(408) 399-7744; fax : (408) 354-4695; 
poslight@aol.com. 
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YOUR SFARaI IS OVER! 
Take a Look at Our Lens Family Values 
When you need high performance optics at the best value in the industry, a selection from 
OptoSigma's lens family is the ideal choice. OptoSigma's New 1999/2000 Catalog offers over 3,000 
lenses and lens assemblies on the shelf ready to ship. For single use to OEM volumes our Global 
Manufacturing capabilities ensure that your demands for cost-effective solutions, high quality and 
on-time delivery are met. So, for OEM and research optics, thin film coatings, mounts and stages, 
call OptoSigma Today! not Tomorrow! 
Spherical Lenses Cylindrical Lenses Achromatic Doublets 
.'1P" 
Lens Assemblies Spherical Mirrors Aspheric Lenses 
For a copy of our new 1999/2000 catalog please call (949) 851-5881. Today! not Tomorrou'! 
The Evolution 
of Structured 
Clusters 
First in a series on a singular 
econolllic initiative. 
by Robert Breault 
T his is the fir t in a erie of article on the topic of struc-tured cluster , in orne regions of the world called 
economic development regions. I hope 
to present here insights into the evolu-
tion and purpo e of cluster and orne 
thought-provoking concepts and chal-
lenges to leade r in the global optics 
community. 
The uccessful cluster concept is 
ba ed on a community's role in evolv-
ing a network of efforts beneficial to 
the indu trie in the clu ter, and thus 
to the region ' economic growth . 
lu ter building re ts on more than the 
efforts of an indu try association, or a 
public-sector organization. To a large 
xtent, clu ter building owe mo t to 
an unpaid , voluntary partner hip of a 
few hundred public- and private- ector 
organization that focus on the eco-
nomic and ocial health and welfare or 
a region, its indu trie , and its people. 
What i a clu ter? At a conference of 
the Barcelona-ba ed International 
Competitive In titute last year, a large 
ubgroup debated the better part of a 
morning on the definition of a clu ter. 
My well-circulated definition that fol-
low repre ents the type of clu ter that 
I refer to in thi and future article: " A 
clu ter i a concentration of firm 
across several industrie that create 
lOa 
quality jobs, exports goods 
and service ,share common 
economic foundational 
needs, and unite the public 
sectors of economic develop-
ment, legislature at all lev-
el , univer ities, community 
college , the K-12 education-
al community, workforce 
development, support foun-
dations, and all community 
economic stakeholder." 
Cluster may work in con-
junction with local, tate, and 
federal offices, and universities 
and community colleges. The 
elu ter need not be focused 
only on technical industries: 
for in tance, of the cluster in 
Arizona, three erve the 
tourism, food and fiber, and 
senior living industrie . 
I want to make it clear that 
a cluster i more than ju tan 
a ociation of imilar companie . A 
clu ter and an a sociation are not even 
clo e in their functionality. An eco-
nomic clu ter i both a concentration 
of firm across related industrie and a 
concentration of the public- and pri-
vate- ector organization that are take-
holder in local economic develop-
ment. The ucce [ul partnering of 
the e willing group define a cluster. 
w",w.nasatech.com 
The Arizona Story 
Ju t like natural re ource , economic 
cluster in general have to be found 
and developed. Though it i po ible to 
build clu ter from the ground up, the 
Arizona trategic Planning for 
Economic Development (A PED) 
office took on the task of identifying 
the ignificant clu ler that already 
exi ted within the tate. Thereafter the 
Photonics Tech BriefS, May 2000 
BEYOND IMAGING 
Be quick. 
(on your IC(O hondle this? 
1. Trigger from a pulsed source at 1 kHz. 
2. Generate a sequence of gate pulses with different 
delays and widths for each pulse. 
3. Capture the resulting emission from every pulse. 
No missesl 
The Princeton Instruments PI·MAXTM ICCD camera 
from Roper Scientific con. 
Our new integrated Programmable Timing Generator 
(PTG™) gives you complete timing control for any gated 
experiment, no matter how difficult ... 011 with a simple-to-
use software interface. Whatls more, no external timing 
box is required. Itls just another way we make it easier 
for you to get the results you need. 
Take a look! Introducing the next 
generation of compact, industrial black 
and white analog video cameras from 
Sony. The feature-rich XC-ST70/50/30 
cameras are the right choice for 
a wide variety of industrial, 
microscopy and machine 
vision applications. 
• High Sensitivity using 
2/3", 1/2" or 1/3" CCD 
with Hyper HAD technology 
• Small, lightweight design 
• High shock and vibration resistance 
• Simple and flexible trigger shutter 
function 
• All controls outside the camera 
• C mount 
And that's not all. 
Each Sony XC-ST70/50/30 camera 
includes a limited 3-year warranty,* 
so you can deliver the quality your 
customers are looking for. 
SONY. 
www.sony.com/videocameras 
1·800·472·S0NY ext.753 
C 2000 Sony Electronics Inc. All nghts reseNed. Reproduction In whole or in part WIthout wntten permission 's prohibited. 
Sony and Hyper HAD are trademarks of Sony. All specifICations are sublect to change without notice. 
• For details, contact www.sony.com/professtOnai 
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Governor's trategic Partner hip for 
Economic Development (G PED) wa 
formed to implement the A PED plan. 
ince that time, the concept ha 
been poned in the nited tate to 
Florida, Connecticut, Colorado, ew 
Mexico, 1a achu etts, Penn lvania, 
and ew York; in Canada to Quebec, 
Toronto, Ottawa, and ancouver; and 
abroad to cotland ingapore, and 
Japan. In many region around the 
world, cluster that were formed ad hoc 
are renowned for their succe -for 
example, ilicon Valley, Route 12 in 
Boston, the fa hion indu try in Pari, 
and the retail and leather indu me in 
Italy. Though I wi.ll di cu s clu ters that 
came about organically, I will place the 
emphasis on tructured cluster, which 
are created by a known and intentional 
process. 
Arizona's story is about a thou and 
people who were motivated both by 
elf-intere t and the common good. 
The attitude of many people in 
Arizona can be summed up a , "If we 
can run our companies properly and 
profi tably and provide a reasonable 
return for our shareholders, we can, 
and must, get involved in the commu-
nity and have an impact on its direc-
tion ." Thi is a challenge to the inter-
national optic industry's leaders and 
regional and national economic devel-
opers to step forward and contribute 
their ideas. This is not a story about 
old-time associations. 
Government and public- ector forces 
are a lso changing dramatically. The 
responsibility for a healthy economy has 
shifted from the federal government to 
local regions, paradoxically while mar-
kets are more global than ever before. I 
believe clusters can be created in many 
regions of the world if they can in pire 
their community leader. 
Regional efforts are now more 
important than ever, as the economy 
and the competition are truly global. 
One strong busine in a region, a 
Hewlett-Packard, onel, or Micro oft, 
can create a whole economy around it, 
and account for many spinoffs. In the 
case of Tucson, the Optical Science 
Center at the Univer ity of Arizona has 
been cited (Arizona 's Economy Is 
Everyone's Business, by Alan Korwin et 
aI., Governor's trategic Partnership 
for Economic Development, 1992) as 
an instance in which the regional eco-
nomic health flow from the trength 
of the Center. Fourteen local optics 
companie have been pun off from 
re earch work at the Center. 
Massachusetts In titute of Technology 
can claim an even bigger impact in the 
Bo ton region . (Continued) 
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~ Highest Speed? 
~ Smallest Size? 
~ Greatest Precision? 
~ Superior Reliability? 
~ Largest Aperture? 
~ Premium Price 
Performance? 
You choose Cambridge Technology, Inc., the world's 
leading manufacturer of closed-loop galvanometer based 
optical scanning components. Cambridge Technology focuses 
on your scanning applications with continued developments 
and innovations that always offer you the highest system 
performance levels. 
You optimize your application for any combination of 
speed, accuracy, cost or size by selecting from Cambridge 
Technology's broad range of scanner options! We have 
solutions that offer hequencies of over 1 KHz, step response 
times of under 200 microseconds, positioning repeatability 
to the single miCHHadian level and system operation into 
the bill ions of cycles. 
For More Information Circle No. 489 
We provide the highest levels of customer commitment, 
technology and technical support which makes Cambridge 
Technology the obvious choice and partner for your beam 
positioning system requirements. Contact our Sales Engineers 
and Field Representatives today for the very latest details on 
how our team can help you gain the competitive edge with 
superior scanning solutions! 
Cambridge 
Technology 
109 Smith Place· Cambridge. MA 02138 
Tel : (617) 441-0600· Fax: (617) 497-8800 
Web Site: http://www.camtech.com 
E-mail: scanners@camtech.com 
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Precision Molded 
Plastic Optics 
• Complete mold making facilities. 
including a CNC machining center. 
EDM machines and Nanoform 200 
diamond turning center. 
• StatEH)f-the-art molding facilities. 
• Comprehensive testing. measurement. 
and evaluation capabilities. including 
Zygo Interferometer. Taylor-Hobson 
Form TalySurf S6 PGI and various 
client-provided testing capabilities. 
• High quality. quick turnaround 
diamond-turned prototyping in 
most substrates. 
• High quality production of optical 
elements such as ctiffractives. hybrids. 
aspheres. cylinders. prisms. toroids. 
mirrors and HUDs. 
• Collimating lenses for laser diodes. 
• Optical design services provided from 
minimal assistance to full design 
capabilities. 
For design. production or pricing infor-
mation. please contact us. 
~AVIMO 
AVIMO PRECISION POLYMER OPTICS 
A member of Avimo Group Limited 
560 West Terrace Drive 
San Dimas, California 91773 
Telephone 909-599-9341 
Fax 909-592-2780 
www.polymeroptics.com 
Email: infoatappo@aol.com 
salesatappo@aol.com 
For More Information Circle No. 464 
or Visit www.nasatech.coml464 
The c1u ter proce i being replicated at the local level 
around the world, but Arizona i arguabl one of the fir t to 
implement a tatewide program. Arizona ha eleven interac-
tive indu try c1u ters, and a tructured el of even founda-
tion to upport the c1u ters. The tate ha alread received 
multiple national award because of its clu ter formation and 
acUvlUe. t least one recently publi hed book-Building 
Economic Communities: How Civic Entrepreneurs are Tra7l.sfonning 
America, b Doug Henton, John Melville, and Kim , ale h 
( an Franci co: Jo ey-Ba ,1997)-cite Arizona, along with 
ix citie and Florida, as exemplary of good clu ter develop-
ment. 
Economic development region have occurred naturall 
for centurie. orne example are the first agricultural vil-
lage , naval power, manufacturing indu trie of all orts, 
and now in our time, the telecom region. In tudying the 
proce se that made them ucce ful , it i clear that the ocial 
group that had the better knowledge and organizational 
kill played a dominant role. Hi torian have al 0 often 
attributed the growth of ucce ful ocietie to geographical 
location and proximity to tran portation; to hort-term eco-
nomic factor uch a gold, copper, oil, or other raw and nat-
ural material ' or finally to the availability of capital. The 
clu ter concept, however, i provoking new re earch that 
challenge the e long-held concepts, including the ignifi-
cance of capital formation a being dominant. 
Broad Knowledge, Economic Skills 
A growing number look on the ucce of more advanced 
ocietie a due to how they developed and incorporated 
broader knowledge and ounder economic kill than their 
rivals. Example would be the Romans' development of 
wine and weapon, silver mith guilds, dominant hipping 
center, and finally ilicon Valley and its a sociated high-
tech indu trie . 
While initiall the social entitie may have been un truc-
tured, the ucce ful societie evolved more and more truc-
tural roles for variou ector of the group. In today's terms 
we would call the subgroup the public ector (government' 
civic and economic ector, and its legi lative and judicial 
branche ), the private ector (support indu trie included), 
mixtures of both, and educational in titutions. 
It should be ea y to ee that this i not a period of eco-
nomic tran ition. This i confirmed by the almo t simultane-
ou events such as the demi e of the Cold War, downsizing of 
governments around the world, rapid development of tech-
nologie , and the rapid pread of this knowledge. Add to 
the e factor the rapid mobility of capital, global market 
competition, and acce s to the information highways. 
But this i a period of di continuity in the evolution of 
ociety. 0 one has yet hown that they know the new 
rules of the game, but orne hold that clu ter will be a ig-
nificant part of the twenty-fir t century' ocial and eco-
nomic tructure. 
Today's clu ter can be viewed a incorporating in a pre-
meditated tructure some of the proce e of tho e formed 
in a more or Ie ad hoc manner. The principles are a plan, 
organizational kill, cooperation of the community stake-
holders, the educational y tern, workforce development at 
all level, tran portation of the products more efficiently 
than other, competition in the local region, and the inte-
gration and modification of multiple foreign technologie . 
Robert (Bob) Breault is president of Breault Research 
Organization of Tucson, Arizona, and co-chainnan of the Arizona 
Optics Industry Association, 6400 East Grant Road, #350, Tucson, 
AZ 85715; (-mail: bbreauit@breauit.com. 
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So small, vve feel guilty 
using a vvhole page 
to talk about it. 
Introducing ALPHAT ••• 
the smallest, lightest thermal IR camera in the world. 
The camera's smaLL, but the advantages are big. 
In fact, so big we could take up a whole magazine 
writing about them. Instead, we'll just 
say our new ALPHATM is the 
world's smallest, lightest 
IR thermal camera. 
Weighing in at less than 
200 grams, the tiny ALPHA 
operates in the long wave-
length infrared range (7.5 -
13.5 microns) and fits in the 
palm of your hand. And just 
about everywhere else. 
If your thermal imaging application has 
space limitations, the ALPHA is made for you. 
Using uncooled microbolometer technology 
it offers uncompromised performance, with 
sensitivity less than 1/10th degree and 
power consumption of about 1 watt. The 
ALPHA provides analog video in mono-
RS-170A format (CCIR 
nal) and real-time 12-bit 
digital video, 
displayed at 
30 frames 
is desired, a serial 
command interface is provided. 
And the affordably-priced ALPHA 
will save you more than just space. 
To see ALPHA images and learn about 
our entire MERLIN® family of full spectrum 
IR cameras visit our web site today. 
The ALPHA. Being smaLLest in your class 
was never this good. 
SEE US AT VISION SHOW EAST 
BOOTH #435 AND OPTO SOUTHWEST 
MERLIN-NIR 
320x256 InGaAs 
(O.9I1m - 1.711m) 
MERLIN-
32OX256 InSb 
(3.0Ilm - 5.0Ilm) 
MERLIN-LONG 
320x256 QWIP 
(8.0Ilm - 9.0Ilm) 
MERLIN-BOLO 
320x240 Ilbolometer 
(7.5I1m - 13.5Ilm) 
MERLIN-LAB 
320x256 InSb 
(Pour Filled Dewar) 
- ~~ . .. 
www.indigosystems.(Om 
5385 Hollister Ave 11103 ' Santa Barbara CA 93111 ' Tel 805-964-9797 ' Fax 805-964-7708 
Visit www.nasatech.com/485 
Getting Better 
Information 
The Cooke Corporation's digital CCO camera 
increases the efficiency of an improved technique 
called digital particle image velocimetry (OPIV). 
Experimental studies of flow-veloci-ty fields have been greatly advanced by the development of 
optical techniques that do not interfere 
with or disturb the flow. One of these, 
the laser Doppler velocimetry (LDV) 
technique, has been widely used in 
velocity mea urements. But since the 
technique provides time-resolved infor-
mation about a ingle point of the flow 
domain, its capacity to provide spatial 
flow- tructure information i limited. 
For investigation of flow fields with pro-
nounced spatial tructures and / or 
rapid patial changes, new experimen-
tal techniques are nece ary. 
It i well known that multipoint mea-
surements can be achieved by record-
ing the motion of particles that have 
been added to the fluid as tracer. A 
broader group of whole-field velocime-
try technique, called pulsed light 
velocimetry (PLV) , enables the capture 
of the quantitative flow velocit} field 
instantaneously. The different PLY 
methods have been developed during 
the last decades based on various prin-
ciple . In particular, the PLY method 
that u es a tatistical analy i of the 
recording define the state of the art 
16a 
Sensieam system shown with lenses, trigger system, flash source, mounting hardware, computer and 
image processing/analysis software. 
and can provide a high spatial resolu-
tion with reliable accuracy. 
The targeted flow i seeded with mall 
tracer particles with specific characteris-
Lie (spherical, identical density for 
www.nasalech.com 
water), which therefore follow the fluid. 
The inve tigated ob ervation area can be 
illuminated with a thin light heet 
designed by a len sy tem. During a mea-
surement, two hort laser pulses fired 
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Sample of the test device. 
with a known time separation illuminate 
the flow. The images of the pul e repre-
sent the particle distribution re pectively 
by their displacement in the observation 
area. 
The displacement between the two 
scattered light images can be analyzed 
with correlation methods in small seg-
ments (interrogation spots) of the 
recorded image, where a uniform veloc-
ity is assumed. The analyzed image dis-
placement, combined with the magnifi-
cation factor of the optical setup, leads 
to the particle movement in the flow. 
This distance, divided by the given time 
interval, yields a velocity vector for each 
the • avelength 
of your laser to the 
absolute accuraC) 
you need for or 
pulsed lasers 
operating from the 
through the ible 
into the 1 
buleig. 
Principle of particle image velocimetry. 
\\'mcmCll'lia 
• ± 0.1 nm accuracy 
• CWLasers \\ \ - J )00 \\ ;I\l'mCltr·) 
• 400 om to 1.8 ~m 
• ± 0.0001 nm or 
± 0.001 nm accuracy 
• CWLasers 
• 200 nm to 4 ~m 
Pulsed \\ 'aH'IlIl'Wr 
• ± 0.02 em-' or ± 0.2 em-' 
• Pulsed Lasers and OPOs 
. 400 om 10 1100 om or 
190 to 680 nm 
To learn more about Burleigh's comprehensive family of WAVEM~ 
call I-716-92~9355 for a free WAVEMETER Selection Guide or visit 
our website at www.burlelgh.com. 
Burleigh Instruments, Inc . • Burleigh Part· P.O. Box E· Fishers, New Yort 14453·0755· Tel: 1-71 6·924·9355· Fax: 1-716-924·9072· email: inlo@burlelgh.com 
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/ poof More Cooling . .... we've pushed refrigeration 
design to the maximum 
and increased cooling capacities by up 
to 30%. Merlin offers more cooling per dollar 
than any other brand. Coupled with our 
powerful pumps, Merlin's refrigeration 
system will deliver perfectly temperature 
controlled fluid to your equipment, non-stop, 
under the most demanding heat load 
conditions. 
/ Presto Smaller package .. . we've utilized cutting edge 
materials to generate 
maximum heat removal 
in a minimized package. Now occupying 
up to 25% less space, your Merlin Series 
Chiller is shorter and more narrow, leaving 
you extra space for your other equipment. 
Z More functionality .. . our ;" ap new intuitive controller 
guides you quickly from 
set-up through setpoint. Operating 
adjustments won't require researching 
through the operator's manual. Designed to 
easily accept your customizing features, the 
new Merlin Series Chiller can be configured 
on the fly at our factory for quick delivery. 
TaDalIIl 
More reliability .. .• we've chosen components 
wi1h expanded life cycles and pushed them 
through rigorous reliability examinations. 
The result is a more reliable NESLAB chiller 
that gives you peace of mind. 
8 
NESlAB 
NESLAB Instruments 
PO Box 1178 
Portsmouth NH 03802·1178 
1800 4NESLAB 
www.neslab.com 
It's NESLAB 
For More Information Clrde No. 486 
.... nO Lase 
Our new 58 GCS series diode-pumped solid-state (DPSS) 
lasers deliver low-noise, single-mode output at 532 nm. 
Available in four power configurations, from 5 to 
40 mW, these new lasers operate from a 5-Vdc supply 
and maintain excellent power stability over the entire 
operating temperature range. 
The stable, diffraction-limited green beam is useful for R&D 
or OEM scanning, alignment, or fluorescence applications. 
The compact rugged housing contains all drive electronics, 
for easy integration into new or existing designs. 
• 532-nm lEMoo output 
• Noise <0.5% rms 
• CompLeteLy seLf contained 
• + 5-Vdc input, 20 W maximum 
o to 40°C operation 
The Practical Anplication of ~ight 
1-800-645-2737 www.mellesgrioLcom/mg160.htm 
mELLES GillOT 
LASER and ELECTRO-OPTICS GROUP 
2051 Palomar Airport Rd. 200 • carlsbad, CA 92009 • 1-I!00-645-2737 
(760) 438-2131 • FAX (760) 438-5208 • E-mail: sales@carisbad_meliesgriot.com 
United States (BOO) 835-2626 Japan (03) 3407-3614 Europe (0316) 333041 lUlUlU.mellesgriot.com 
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interrogation spot. The analy i of all 
interrogation pots in the whole record-
ed image yields an in tantaneous two-
dimen ional vector velocity field of the 
flow in the observation area . 
Here a digital particle image 
velocimetry (DPN) technique wa 
implemented to tudy the o-<:alled back-
ward-facing step flow (B F). As one of 
the fundamental problems in fluid 
mechanics, flow separation has received 
a lot of attention during the last fe' 
decades. The BSF flow (channel with a 
sudden expan ion) ha received most of 
the attention given to recent configura-
tions. De pite the relatively simple geo-
metrical configuration of the backward-
facing step, the flow physics i quite com-
plicated, and compli e the hear layer 
separating at the step cornel', the separa-
tion region at the channel expansion, 
which is characterized by recirculating 
flow, and far downstream the fully devel-
oped channel flow. The availability of 
data of good quality combined with the 
feature that the primary reattachment 
length varies with Reynolds number 
makes the B F flow an excellent te t case 
for the accuracy of numerical and exper-
imental methods. 
The highly time-consuming image 
analysis of photographic recordings 
creates interest in an implementation 
of digital image proces ing. The Cooke 
Corporation's digital CCD camera sys-
tem, the SensiCam, has been installed, 
with its ultrafast sequence capturing 
(200 ns) of two eparate image for PIV, 
12-bit digitization, and 1280 x 1024 pix-
els. The SensiCam offers the advan-
tages of on-line observation, calibra-
tion of setup parameters , very fast 
image recording and processing, and 
accurate measurements. The advan-
tage of digital PIV as compared to clas-
sical photographic PIV lies in fast and 
convenient interrogation of the 
images, a well as in the possibility of 
recording the scattered-light images of 
the two pulses in separated frames. 
This advantage creates the opportunity 
to obtain directionally resolved analy is 
by interrogating the images with cross-
correlation techniques, which results 
in a precise determination of the flow 
direction and in a higher dynamic 
velocity range. Furthermore, series of 
double-pulsed image pair are record-
able, 0 that for low Reynolds number 
a certain time re olution can also be 
achieved. 
For further infonnalion, contact Murad 
Karmali, lhe Cooke Corporalion, 1091 
Centre Road, Sle. 100, A uburn Hills, Ml 
48326-2670; (248) 276-8820; fax: (248) 
276-8825; e-mail: saies@cookecIJrp.com; 
urww. cookecorp. com. 
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CLEO®/QELS 2000: 
AT THE CUTTING EDGE 
San Francisco's Moscone Center plays host to the paired conferences, 
T he 2000 onference on Laser and Electro-Optics and its com-panion Quantum Elecu·onic and Laser Science Conference 
( LEO IQELS) will be held May 7-12 at 
the Mo cone Convention Center in San 
Francisco, CA, with a technical exhibit 
from May 9 to 11. Quoting the Advance 
Program, "CLEO/QELS showcases 
groundbreaking pecr-t·cviewed re earch, 
product and y tern design solutions, 
and an exhibit featuring the late t com-
ponents and imaging sub 'stems dis-
played b more than 300 companies." 
CLEO i ponsored by IEEE/La ers and 
Electro-Optic Society and the Optical 
Society of America (OSA) in coopera-
tion with the Quantum Electronics and 
Optic Dhision of the European Physical 
Society and the Japanese Quantum 
Electronics Joint Group. QELS is spon-
sored by AP IDivi ion of Laser Science, 
JEEE/Lasers and Electro-Optics ociety, 
and 0 A. 
Thi year' technical program i d ivid-
ed into ten parallel ession. during the 
five days of the conference. The techni-
cal es ion , tutorial se sions, and two of 
the photonics-ba ics short course will 
be held at the \10scone Center; the 
remaining 39 short cour es will be held 
at the San Francisco Marriott Hotel. 
Together, CLEO and QELS have a total 
of 1554 presentations scheduled over 
the conferences' duration. The e 
include three plenary papers and 13 
tULOrial . CLEO has 43 invited papers 
and i 8 contributed papers, of which 
215 \,ill be pre~ented in three po. ter ses-
sions in the ;\to~con Exhibit Hall May 9-
II. QE hOb 59 imited papers and 351 
contributt:d paper~, of \ hich 92 will be 
presented in the three poster \es ions. 
The plenary and award e_ ion \\ill 
take place in the ~I o_ cone ( ,ateway 
Ballroom beginning at a.m. Tuesday, 
~tay 9. After presentation of 0 .\' 
Charles Hard Towne Aw,lI-d, the 2000 
Quantum Electronics Award of IEEE/ 
u ers and Electro-Optic odet), and 
the spon or.' fellow certificate , three 
plenan' talks follm,. Dr. Daniel 
KIeppner. As ociate Director of the 
Re earch Laboratory of Electronics at 
the ~rOb .. achu etv Institute of Techn-
PhoLOnit Tech Brief" \1ay 2000 
ology, will describe, in "Ultracold 
H 'drogen-from BEC to QED," his cur-
rent re earch on the ph ic of hydrogen 
at extremely low temperature, Bo e-
Einstein condensation, and ultra-precise 
pectroscopy. ext, Linn F. Mollenauer, 
a member of the Photonic Systems 
Re earch Department at Lucent Tech-
nologie' Bell Labs, will di cuss "Dis-
persion Maps for Ultralong-Distance, 
Terabit Capacity WDM." Finally, teve 
Joiner, manager of the etwork Arch-
itecture and Technology Department of 
the Communication and Optical 
Research LaboralOry of Agilent Labs, 
will examine "Communications Links: 
Where Will VCSELs Contribute?" 
A Tribute to Schawlow 
Preceding the conference's forma l 
opening, on Monday, May 8, at 6 p.m., 
there will be a memorial symposium 
honoring the late Arthur Schawlow, 
coinventor of the laser. Steven Chu of 
Stanford Univer ity will preside over spe-
cial presentations by Charle Hard 
Towne of the University of California at 
Berkeley, the laser 's other coinventor, 
Bori toicheff o f the Univer ity of 
ToronlO, Linn Mollenauer, and 
Theodore Han ch of the niversity of 
Munich, who with Schawlow developed 
the theory of the laser cooling of atoms, 
opening up new phy ics re earch vistas. 
AI 0 on Monday, beginning at 8 a.m., i 
a memorial sympo ium honoring Dan 
Walls, the theoretical quantum optics 
pioneer who also contributed LO the the-
ory of atomic Bo e-Einstein conden a-
rion. Other special sympo ia include 
"High Order orrelation Effects in 
onden ed Maller,fl "Quantum In ter-
ference and Slow Light,n and "Quantum 
Entanglement.~ 
Po ter e ions ,~;ll be held Tue day 
through Thursday from 1-2:30 p.m. The 
program committee will al 0 accept a 
limited number of po tdeadline papers 
for pre entation at the meeting. 
CLEO \\;11 feature three "Photonics 
Basics for Engineers and Technician n 
(PBET) hort course, taught by educa-
tOI who have worked in the field as well 
as in the cI room. On Sunday, ~1ay 7, 
from noon to 8 p.m., haoul Ezekiel of 
\,,\w.nasaLech.com 
I 
MIT will present ~Under_tanding la ers 
and fiber optics and their applications," 
and Robert A. Fi her of Fisher ,tisociau's 
will olTer "A pnIC ti cal introduction to 
polarized light." On ~ Ionda}', Nick ~r. 
lassa of Springfield Technical Com-
munity College \\;1\ lead wFiber optic 
technology and applications." 
On the business side, this year's Lasers 
and Electro-Optic Applications Pro-
gram (LEAP) provides e ions on key 
is lie rela ted to high-tech busine and 
intellectual property. The) begin 
Wedne day, Ma}- 10, in the Convention 
Center. CLEO/ QELS technical regis-
trants, exhibitor, and exhibit hall \isi-
tors may attend the e es ion at no cost. 
ADVERTISEMENT 
OPTICAL 
ALIGNMENT 
CUBES 
Coastal's fused silica align. 
ment cubes are valuable 
lools for establishing orth· 
ogonal lines of sighl and as 
9CJ..degree optical refer· 
ences. Five polished faces 
'---------' are accurale to 2 arcseconds 
and coaled with durable reflective chrome. Cubes 
are available wilh or without precision reLicle pat· 
terns in 0.50-, 0.75-, and 1.00-in. ize. Coastal Optical 
) terns Inc., ustom Lens Di>.ision, 4480 South 
Tiffany Drive, West Palm Beach, FL 33407; (561) 881-
7400; fax (561) 881-1947; www.Coastal0pLcom. 
Coastal Optical Systems 
INNOVATIVE 
DIODE LASER 
SOLUTIONS 
Laser~lax, Inc., pro,ides high-
quality miniature diode Ja.er 
$1i terns in the 635-155O-nm 
';'nge with OUlput powe~ up 
to 100 mW. Depend on 
LaserMax's +99-percent reHa-
bili!) rate. Laser!vlax repfeS<'ntau\'e are here to hdp 
solve -OUT laser needs. Customized terns available. 
Ask aboul our new and \ery unique la.ser-based dis-
placement measuring interferometer. the La erMax 
OM IT .. 500. Laser~1ax, Inc., 3495 Winton Place, 
Buildmg S, Rochester, NY 15623-2807; (716) 272-
5420; fax: (716) 272·5427; 1-800-L-\sER-03: 
w'\o"\I'.iasermax-ioc.com. 
laser Max, Inc. 
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Organic light-Emitting Diodes (OIED) Have Many Potential Uses 
The organic materials used may include "small" molecules or "macro" polymers. 
Eastman Kodak Company, Rochester; ew York 
Organic light-emitting diodes (OLED ) 
are grounded in a elf-luminous display 
teclmology based on dlin organic films as 
me light emitter. Like conventional inor-
ganic light-emitting diodes (LED) , 
OLEDs require a low drive voltage to 
produce blight visible light. But unlike 
di crete LEDs, which have cry talline 
origins, film-based OLEDs are an area 
emitter man can easily be patterned to 
produce flat-panel displays. Because 
OLEDs are self-luminous, mey do not 
require a backlight as in LCD. They 
have very low power requirements and 
are min , bright, and efficient. As a 
result, many see dlem as me display 
technology of dle future. 
The benefits of OLED technology 
include me following: 
• High brightness and contrast, making 
displays very bright and easy to read; 
• Wide viewing angles, up to 160 
degrees; 
• Full color, to communicate the most 
information in me most engaging way; 
• Fast response and wide temperature 
range of operation, for quick-response 
displays in a variety of environments; 
• Low power consumption and operat-
ing voltage, maximizing battery life 
and minimizing heat and electrical 
interference in electronic devices; 
• Light weight, compact, and thin , 
reducing the size and weight of devices 
mat use displays; 
• Robust, tough enough to use in 
portable devices such as cellular 
phones and personal digital assistants 
(PDAs) ; and 
• Low cost. 
OLEO Structure (A/q-Based Emitters) 
Electron T f'lIJlSport 
LQ)er (ETL) 
Organic: Emiuers 
Metal Cathode 
OLED technology i alread at work in 
car audio units produced b Pioneer 
Electronics. It will oon be found in cel-
lular phones, PDAs, digital cameras, 
video cameras, head-wearable di plays, 
and car instrumentation. As me technol-
ogy is refined, it holds po ibilities in 
computer monitor , video di play, 
ultramin lighting panel, and even flexi-
ble displays that could be rolled and 
unrolled. 
Ea tman Kodak Company cientists 
discovered OLED more man a decade 
ago. Since men, Kodak re earchers have 
made a munber of breakiliroughs mat 
led to patents on basic OLED materials, 
device structure, doping techniques to 
improve efficiency and control color, 
min-mm deposition memods, pattern-
ing memods, and design and fabrication 
memods for bom pas ive- and active-
matrix OLED panels. 
Kodak's OLED technology grew ini-
tially from research on organic electron-
ic devices used in solar cells and elec-
trophotography. Now the company 
holds more man 40 U.S. patents, has 
many pending applications, and has 
patents and applications overseas on me 
basic tructure of OLED devices, several 
unique das es of OLED materials, and 
fablication methods and drive chemes. 
The development of OLED technolo-
gy supports one of Kodak's strategic ini-
tiatives in digital imaging technology: a 
revolutionary electronic image display. A 
new active-matrix full-color OLED dis-
play, demonstrated in October by Kodak 
and Sanyo ElectIic Co. , will soon be used 
in digital cameras and many other 
210 10 VDC 
Light Output 
Figure 1. The basic OLE O structure comprises several thin-film layers of organic materials (ETL, emit-
ters, and Hll) covered over with an evaporated metal cathode. Total thickness of the deposited struc-
ture is less than the wavelength of green light. 
22a www.nasatech.com 
portable electronic . Becau e of their 
supelior viewing qualitie . me full-color 
OLED displa will replace many con-
ventional LCD creens. 
The basic OLED cell tru.cture (Figure 
1) consists of a stack of min organic lay-
ers sandwiched between a tra:n parent 
anode and a metallic cam ode. The 
organic la er comprise a hole-i£tiection 
layer, an emis ive layer, and an electron-
transport layer. When an appropIiate 
voltage (typically a few volts) is applied 
to the cell, me injected positive and neg-
ative charge recombine in me emissive 
layer to produce light (electrolurnines-
cence, or EL). The SU'ucture of me 
organic layer and the choice of anode 
and cam ode are designed to maxinlize 
me recombination process in the emis-
sive layer, mus maximizing the light out-
put from me device. Figure 2 shows an 
active-matrix OLED as contrasted with a 
conventional LED display. 
Remarkable enhancement of me elec-
troluminescent efficiency and control of 
color output have been achieved by dop-
ing me emissive layer with a small 
amount of highly fluorescent molecules. 
This doping technique, patented by 
Kodak, is critical for producing color 
OLED di plays. 
There are two types of OLED displays, 
passive-matrix and active-matrix. The 
passive-matrix OLED display has a sim-
ple structure and is well suited for low-
cost and low-infonnation-content appli-
cations such as alphanumeric displays. 
The active-matrix OLED has an integrat-
ed electronic backplane as its substrate 
and lends itself to high-resolution, high-
information-content applications, in-
cluding video and graphics. 
A passive display is formed by provid-
ing an array of OLED pixels connected 
by inter ecting anode and camode con-
ductors. Kodak developed a relatively 
simple but unique memod for its fabrica-
tion. Here a rib structure is preformed on 
patterned indium tin oxide (ITO) anode 
lines. As me organic materials and cam-
ode metal are deposited, me rib structure 
automatically produce an OLED display 
panel wim the de ired electrical isolation 
for me camode lines. To drive a passi e-
matrix OLED di play, electrical current i 
passed mrough selected pixels by apply-
ing a voltage to me corresponding rows 
and columns from drivers attached to 
each row and column. 
In contrast to me passive-matrix 
OLED display, an active-matrix di play 
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Figure 2. The active-matrix OLEO display (left) as contrasted with a conventional LED display. 
include an electronic backplane in the 
di play panel.This type i made possible 
by the developmem of poly ilicon tech-
nology (PolySi), which because of its 
high carner mobility provides thin-film 
transistor (TIT) with high current-car-
rying capability and high witching 
peed. There are several key advantage 
in active-matrix displays: low voltage and 
power consumption, high resolution , 
large area, robust pixel design, and ime-
grated drivers. 
In an active-mauix OLED display, 
each individual pixel can be addres ed 
independently via the associated TITs 
and capacitor in the electronic back-
plane. In principle, each pixel element 
can be selected to tay "on" during the 
entire frame time. Since OLED is an 
emi ive device, the display apenure fac-
tor is not critical , unlike LCD displays, 
where light mu t pass through an aper-
ture. Therefore, there are no intrinsic 
limitation to the pixel count, resolu-
tion, or size of an active-matrix OLED 
di play. Also, thanks to the TFU , a defec-
tive pixel produce only a dark defect, 
considered much Ie s objectionable 
than either a bright-poin t defect, such 
a in LCD panels , or a line defect. 
Furthermore, con tant-current drivers 
for OLEO and the nece sary canning 
circuitry ba ed on Poly ci can be built 
directly on the ub trate, thu eliminat-
ing the need for high-density (and 
expensive) interconnects and peripher-
al drivers. 
Kodak engineers expecl that OLEO 
tech nology will have an important impacl 
on the di play industry. Low-co t manu-
facturing methods are already in use for 
passive-matrix OLEO displays, and the 
advance of the complementary low-tem-
perature Poly ci technology has enabled 
fabrication of high-resolution, fulJ-color 
active-matrix OLED displays. Although 
OLED has just entered the dj play mar-
ketplace, Kodak believe it will continue 
to expand, and the race to manufacture 
active-matrix OLEOs will accelerate. 
For more information on Kodak Pra-
fessional Products, contact Dr. David J 
Williams, Eastman Kodak Co., 1999 Lake 
Ave., Rochester, NY 14650; (716) 477-7575; 
or visit the web sill! at www.kodak. com/go/oel. 
Simplified Radiometer for Quantifying 
Aircraft Icing Hazard 
A single radiometer would supplant a more complex system 
that includes two radiometers. 
NASA s Jet Propulsion Labomtory, Pasadena, California 
A simplified microwave radiometric 
apparaLU has been propo ed for use in 
quantifying the potential danger of 
accretion of ice onto an aircraft flying 
through a cloud. The quantity of inter-
e t, called the Uicing hazard potential" 
(IHP). i the product of (1) the liquid-
PholOnics Tech Briefs. May 2000 
water content (LWC) of the cloud at a 
given altitude and (2) some function of 
the degree of supercooling of the liquid 
water at that altitude. 
In 19 3, it was demonstrated that reli-
able value of 1HP could be calculated 
from reading of a ground-based instru-
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mentation s tern that compri ed (1) a water-vapor radiometer 
(for measuring LWC), (2) a microwave temperature proftler 
( 1.TP) (to measure the vertical temperature profile) , (3) a 
hand-held infrared radiometer (to mea ure the cloud-base 
temperature and thu , in conjunction with the MTP, the cloud-
base altitude), and (4) a urface meteorological ub tern (to 
measure urface value of temperature, barometric pre ure, 
and humidity). The propo ed tern would hare orne fea-
ture in common with the 19 3 Y tern , but would not include 
a water-vapor radiometer. inasmuch as the radiometer embod-
ied mo t of the co t the 19 3 Y tern, eliminating one radiome-
ter would reduce the co t ignificantI . 
To be able to determine the !HP, one need to know the tem-
perature and the LW a a function of altitude. For the pur-
po e of measuring the e quantities, tIle propo ed } tern would 
exploit tIle radiometric characteristics of oxygen and liquid 
water in the frequency range from about 50 to about 70 GHz. 
The ab orption pectrum of oxygen molecule in thi frequen-
cy range (see figure) depends on temperature, pressure, and 
water-vapor density. The brighme s temperature ob erved by 
an MTP is an exponentially weighted average of all oxygen 
emi ion along its line of sight and clo ely approximates tIle air 
temperature at an effective di tance from the radiometer equal 
to the reciprocal of the ab orption coefficienL 
Con ider two ob ervation frequencie - one on the high-
frequency and one on the low-frequency side of the peak in the 
oxygen ab orption pectrum - for which the absorption coef-
ficient is equal. In the ab ence of cloud liquid water along the 
line of ight within the effective di tance, the brighme tem-
perature ob erved at both frequencie would be the same, but 
in the pre ence of cloud liquid water, the brighmes tempera-
tures ob erved at the higher frequency would exceed that 
observed at the lower frequency, because cloud liquid water 
contributes to brighmes temperature by an amount approxi-
mately proportional to the square offrequency. Thus, in prin-
ciple, one could infer both the air temperature and the LWC 
from the brighmess temperature at the two frequencies. 
The main radiometer in the propo ed apparatu would be 
an extended version of an airborne MTP now in use. As such, 
it would include a canning mirror u ed to scan the line of 
sight in elevation angle while measurements were taken at ev-
eral pair offrequencie (and thu everal effective distances) , 
the net effect being to acquire data from different effective alti-
tudes. The apparatus would also include an infrared gun oper-
ating in the wavelength range of 8 to 14 lIm to determine the 
cloud-base altitude, plu simple ensor to measure the ambi-
ent temperature, pres ure, and relative humid.ity. 
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The Absorption Spectrum of Oxygen in the absence of cloud liquid water 
depends on frequency and pressure altitude; it also depends on tempera-
ture and water-vapor density. nominal values of which were assumed in 
computing these curves. 
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The proposed apparatus would cost 
les than airpon and aircraft radar sys-
tems do. Eventually, taking advantage of 
monolithic microwave integrated cir-
cuitry, it hould be po ible to mass-pro-
duce the apparatus and install it in air-
craft at relatively low co L Because icing 
is of particular concern during long, 
low descents and approaches, prior to 
miniarurization and mass production, it 
could be desirable to install copie of the 
apparatus on the approach path of 
major airports to warn approaching air-
craft of potential icing hazards. 
This work was done b)' Michael J 
Mahoni!} of Caltech for NASA's J et 
Propulsion Laboratory. For fUrlher infor-
mation, access the Technical SUPPOrl Package 
(TSP) free on-line at wurw.nasatech.com 
under the Physical Sciences categol)'. 
NP0-20291 
Bleaching by Laser for Marking Black 
Anodized Aluminum 
Precise, intricate patterns can be formed at relatively low cost. 
Lyndon B. Johnson Space Center, Houston, Texas 
Irradiation by the beam from a CO2 
laser has been found to be an effective 
means of marking a black anodized alu-
minum surface. In general, thi process 
works on any dark anodized surface. 
The beam is scanned over the urface to 
form a desired pattern. Depending on 
the circumstances, thi technique could 
be an attractive alternative to painting, 
machine engraving, and etching; in par-
ticular, if there is a need to create a pre-
cise and/or intricate pattern, then this 
technique can satisfy that need in less 
time and at less cost while yielding better 
results. For this purpose, one uses a laser 
that is not powerful enough to cut the 
aluminum workpiece but is powerful 
enough to bleach the anodized surface 
to a nearly white appearance. The pre-
cise nature and degree of the bleaching 
depends on the specific aluminum-
alloy/anodized-coating combination 
and on the parameters of the laser beam 
and scan. Te ts at different laser power 
levels, canning peeds, and numbers of 
pulses per unit length of scan mu t be 
performed on a sample of the particular 
anodized aluminum to find the combi-
nation of parameters that yields the be t 
results. 
The laser-scanning mechani m is dri-
ven by the Output of a graphics program 
running under any Windo\\ operating 
system. From the perspecti\'e of the pro-
gram, the laser-scanning mechanism is 
merely a "\ indo\\' printer. The pattern 
to be applied i drawn by use of the pro-
gram, making allowances for the width 
of the laser beam (analogous to the 
diameter of a cutting or engra\ing tool). 
The drawing is then used to perform a 
te t on a pecimen of the anodized mate-
rial to be marked. The resulting pattern 
is measured and any necessary correc-
tions are made in the drawing data file. 
Pholonics Tech Briefs, May 2000 
The revised drawing file is then tested as 
before, measured, and corrected as nec-
essary. The cycle of test. measurement, 
and correction is repeated until the test 
and measurement indicate success. 
The technique has been used to mark 
anodized aluminum docking targets 
shaped as truncated cones on square 
bases (see figure). In this application, 
there is a need for some additional 
process steps (beyond the basic steps 
described above): It is necessary to mea-
sure the anodized aluminum .workpiece 
to determine the heights of the target 
pattern surfaces for proper adjustment 
of the Jaser. The corrected target-pattern 
Target Pattern on Base 
TOP VIEW 
SIDE VIEW 
Target Patterns can be formed on the upper sur-
face of the base and the top of the truncated 
cone by laser scanning. 
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drawing file generated a de cribed 
above i u ed LO generate three addi-
tional file : one for the perimeter of the 
ba e, one for the target pattern on the 
base, and one for the target pattern on 
LOp of the truncated cone. The base-
perimeter file i u ed to laser cut a hole 
in a heet of pol (meth 1 methacrylate ) 
or other uitable material on th laser 
work table; thi hole i u ed LO po ition 
the workpiece. The other two file are 
used to control the laser on the base and 
top urfa e • re p ctivel . 
This work was done by Roger Megason, 
Herbert Mitchell, and Marvin Williams of 
Johnson Space Center. For further infor-
mation, access the Technical upport Package 
(T. "P) free on-line at www.nasatech.com 
under the Manufacturing and Fabrication 
category. 
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Three-Color Focal-Plane Array of 
Infrared QWIPs 
Three-wavelength imaging would provide enhanced 
temperature-measurement capability. 
'A :A's Jet Propulsion Laboratory, Pasadena, California 
A propo ed focal-plane array (FPA) of 
quantum-well infrared photodetector 
(QWIP ) would sen e images in three 
different infrared wavelength band 
simultaneou Iy. These and other QWIP 
infrared image en ors are undergoing 
development for use in measuring tem-
perature distribution in image; poten-
tial application include scientific (e.g., 
remote en ing of the Earth and other 
planets) and military (e.g., di criminat-
ing between targets and other objects in 
term of tern perature). 
A one-color QWIP FPA can produce 
data for an ab olute-temperature map of 
the scene only if the emi ivities of the 
objects in the scene are known. A two-
color QWIP FPA can produce data for 
an ab o lute-temperature map of the 
scene even when the emi ivitie are 
unknown, provided that the en ed radi-
ation con i ts solely of thermal radiation 
from the objects in the cene. The pro-
po ed three-color QWIP FPA could pro-
duce data for a temperature map of the 
cene even when the en ed radiation 
from the object included an unknown 
component of infrared light, reflected 
from objects in the scene, that originat-
ed at an external ource. 
The propo ed device would be fabricat-
ed from a wafer that would comprise mul-
tiple layers of A1.Gal_..As formed by mole-
cular-beam epitaxy on a emi-in ulating 
GaAs ub trate. Each pixel of the device 
would contain a tack of three multiple-
quantum-well (MQW) A1.Gal_.As struc-
tures. Each MQW tructure would be 
n+ GaAs Layer Containing Ught Coupler _ 
AI"Ga1_xAs Stop-Etch Layer -1!If:rCr!!i::!IIt:nt:J:rrmmm:mlfm!I~!lfutj 
MOW (Wavelength Band 14 to 15 11m) _ 
MOW (Wavelength Band 10.5 to 11 .5 lUll) _ 
n+ GaAs Contact Layer-... 
Undoped GaAs Isolation Layer-~~~:¢;;~~i¢h:¢;~:¢;;~~ 
n + GaAs Contact Layer - P:-<--<C"-':..L..'-L.<...LL-L.£....<."<""<-<-.I.C£.o<.L.<-LL.L."j 
MOW (Wavelength Band 7 to 8 1Ull)-
The Device Structure is shown here for only one of many pixels, for the sake of simplicity. Each MQW 
structure within a pixel would be photosensitive in one of three infrared wavelength bands; thus, the 
device would sense a three-color infrared image. 
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de igned for peak photo ensitivity in one 
of the three wavelength bands (ee fig-
ure): The top MQW structure would be 
designed for bound-to-bound photoexci-
tation of electrons in the wavelength band 
of 14 to 15 pm; the middle MQW truc-
ture would be designed for bound-to-
quasi-bound excitation in the wavelength 
band of 10.5 to 11.5 pm; and the bottom 
MQW structure would be de igned for 
bound-tQ-Continuum excitation in the 
wavelength band of 7 to 8 pm. 
Each MQW structure would consist of 
approximately 30 periods, each period 
comprising: (1) an AlxGat_.As barrier 
layer 500 A thick and (2) a GaAs well 
layer. The mole fraction of aluminum 
(x) in the barrier layers and the geomet-
ric depth of the wells would be cho en to 
obtain the required spectral re ponse; 
and the foregoing parameter would be 
chosen, along with the doping densities 
and the precise number of periods, to 
optimize the device for a specific appli-
cation. The top and middle MQW truc-
tures would be eparated by a 0.5-pm-
thick n+-doped GaAs contact layer. The 
middle and bottom MQW structures 
would be separated by a O.S-pm-thick 
undoped (and therefore highly electri-
cally resistive) GaAs i olation layer. Two 
n +-doped GaAs contact layers would be 
grown on both sides of the isolation 
layer to serve as independent electrical 
contacts for the middle and bottom 
MQW stacks. 
The three-color QWlP structure as 
described thus far would be grown on 
top ofa O.S-~tm-thick n'-doped GaAs bot-
tom con tact layer on top of an AlxGat_.As 
etch-stop layer on the GaAs sub trate. A 
300-A-thick AlO.3Gao7As top-etch layer 
would be grown on top of the topmost 
n+-doped GaAs contact layer. On top of 
the top-etch layer, a l.3-pm-thick n-
doped GaAs contact and cap layer would 
be grown, and a light coupler would be 
fabricated in this layer as de cribed ub-
equently. The contacllayer between tl1e 
top and middle MQW tructure would 
be short-circuited to the contact layer 
between the bottom MQW and the sub-
trate, to e tablish a common (ground) 
bus. Only three indium bumps per pixel 
would be needed for bonding the device 
to a ilicon readout integrated circuit 
that would provide independent read-
out for each wavelength in each pixel. 
As explained in more detail in everal 
prior aSA Tech Briefs article , in order 
to make photoexcitation po ible, a light 
coupler is needed to alter the polariza-
tion of normally incident light 0 that 
tl1e light propagating within the device 
i polarized at least partly along the 
through-the-thickness direction. In the 
proposed device, the light coupler 
would be an achromatic array of reflec-
tors comprising a square pattern of cells, 
each cell comprising a three-by-three 
array of subcells. Within each cell, we 
depths of eight subcells would be cho en 
to obtain destructive interference at we 
middle wavelengths of all three wave-
length bands; the depth of the ninth 
subcell would be chosen at random. The 
cell surfaces would be coated with 
Au/Ge and Au for ohmic contact and 
reflection. 
This work was done by Sumith Band{lra, 
Sarath Gunapala, John K. Liu, Daniel 
Wilson, and William Parrish of Caltech for 
NASA's Jet Propulsion Laboratory. For 
further information, access the Technical 
Support Package (TSP) free on-line at 
www.nasatech.com under the Physical 
Sciences category. 
In accordance with Puhlic Law 96-517, 
the contractor has elected to retain title to this 
invention. Inquiries concerning rights for its 
commercial use should be addressed to 
Technology Reporting Office 
JPL 
Mail top 122-116 
4800 Oak Grove Drive 
Pasadena, CA 91109 
(818) 354-2240 
Refer to NP0-20683, volume and number 
of this NASA Tech Briefs issue, and the 
page number. 
Optical Filters Based on Dense Arrays of 
Microscopic Pillars 
Structures found in moth eyes would be adapted to a variety 
of uses. 
NA 'A s Jet Propulsion Laboratory, Pasadena, California 
A propo al for development of a cJas 
of high-transrnis ion and antireflection 
optical filters i deri\'ed from the obser-
vation that the eyes of moth reflect 
almost no light regardle of the wave-
Photonics Tech Brief. May 2000 
length or the angle of incidence of illu-
mination. The low-reflection propert}' of 
moth eyes is attributable to dense arrays 
of microscopic pillars that exhibit lillIe 
or no diffraction or cartering. This 
www.nasalech.com 
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becau e (1) the dimen ion and pitche 
of the pillars are mailer than the hort-
e t ,va\'elength of incident light in the 
,vayelength range of intere t and (2) a 
den e arra ' of pillars provide a gradual 
traIl ition in density from open pace to 
a bulk olid material, 0 that an abrupt 
den ity change, which would generate 
reflection. i not pre enL 
Long-,vavelength-p mters based on 
thi principle could be u ed in pectrom-
etel and po ibly other optical in trU-
ments. For example. one could build a 
matrix of arra of micro copic pillars 
over a matrix of miniature thermoelec-
tric device , thermopile • or other detec-
tors. The pillars in each array would have 
a ize and pitch corre ponding to a pe-
cific cutoff wavelength. Each array would 
tran mit (almost totally) only light at 
wavelength greater than its cutoff ,vave-
length to the underlying detectors. The 
multiplicity of cutoff ,vavelength associ-
ated with the arrays in the matrix would 
defme increments ofa spectrum; thus. in 
effect. one would have a filter/ en or 
pectrometer unit with no moving parts. 
Large urface textured ,vith moth-eye 
texture have been fabricated by use of 
holograph . To fabricate arra of micro-
copic pillars with pecific ize and 
hape (or to fabricate matrice of uch 
arra with different pitche for different 
cutoff \vayelength ), it would be nece -
sary to u e x-ray lithography. For exam-
ple. one would expo e a negative x-ray 
re i t to x-ra through a den ity mask 
containing nanometer- cale feature cre-
ated by electron-beam milling. The pil-
lars would then be formed as the materi-
alleft after etching of the e>..'Po ed re i L 
It has al 0 been propo ed to make vari-
able-cutoff long-wavelength-pass filters. 
Such a filter would con i t of an array of 
uitabl haped, ized, and pitched 
micro pillars on a traIl parent piezoelec-
tric ub trate. The cutoff wavelength 
would be varied by applying a voltage to 
expand or contract the ub trate. 
This work was done by Frank Hartley of 
Caltech for NASA's Jet Propulsion Labor-
atory. For further information, access the 
Technical Support Package (TSP) free on-line 
at www.nasatech.com under the Physical 
Sciences category. 
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Tridirectional Gratings as Improved 
Couplers for QWIPs 
Degrees of coupling should exceed those of 
bidirectional gratings. 
'ASA's Jet Propulsion Laboratory, Pasadena, California 
Tridirectional diffraction gratings 
have been propo ed to provide optical 
coupling to quantum-well infrared pho-
todetectors (QWIPs) in focal-p lane 
arrays. The tridirectional grating would 
be improved version of the bidirectional 
(rectangular-pattern) grating described 
in "Cro -Grating CoupLing for Focal-
Plane Arrays of QWIP " ( PO-19657), 
'ASA Tech Briefs. Vol. 22. o. 1 Uanuary 
1998). page 6a. The tridirectional grat-
ing would compri e metal patches or 
hole arranged in a pattern of clo ely 
packed regular hexagonal cell (see fig-
ure), with dimen ions cho en to opti-
mize diffraction pattern to maximize 
coupling within narrow pectral bands 
of intere t. 
A brief review of the problem of cou-
pling light into a QWlP i prerequisite to 
an explanation of the improvement 
expected to accrue from the u e of the 
tridirectional grating. The QWIP light-
coupling problem re ults from three 
con ideration: (1) the direction 
through the thickne e of the quantum 
wells i perpendicular to the focal plane; 
www.nasalech.com 
(2) quantum election rule allow the 
detection of on ly that part of the inci-
dent light that is electrically polarized 
along the direction through the thick-
ne es of the quantum wells and thu 
perpendicular to the focal plane; and 
(3) the light to be detected is incident 
along direction approximately perpen-
dicular to the focal plane, and thus only 
a mall fraction of it is electrically polar-
ized along the thickne es of the quan-
tum well . 
By diffracting light 0 that at least 
orne of it propagate within the quan-
tum wells at angle other than perpen-
dicular to the focal plane, one change 
the plane of polarization so that the 
through-the-thickne s component of 
polarization i increased. Thus. coupling 
is increased. The problem in de igning a 
grating (whether linear, bidirectional. or 
tridirectional) for coupling i to choo e 
the dimen ion of the grating to maxi-
mize the first-order diffraction of optical 
power to uitable angle away from the 
perpendicular. Becau e a tridirectional 
grating would exhibit the same periodic-
PhOloni Tech Briefs. ~ay 2000 
ity along three directions in the focal 
plane (instead of only two directions for 
a corresponding rectangular-pattern 
cross grating or one direction for a cor-
re ponding linear grating), the tridirec-
tional grating would diffract more light 
to higher angles and thus give rise to 
increased coupling. 
One might be tempted to extend the 
tridirectional-gntting concept to grat-
ings ",,'ith octagonal or even more com-
plex unit cells in the hope of exploiting 
periodicity along a greater number of 
directions. However, this approach 
would be unlikely to yield any improve-
ment because of a fundamental geomet-
ric limitation: Any packing of regular 
octagons or regular higher polygons in a 
regular pattern would necessarily create 
empty interstitial area. 
This work was done by Sumith V. 
Bandara, Sarath Gunapala, Daniel Wilson, 
and John K Liu of Caltech for NASA's Jet 
Propulsion Laboratory. For further infor-
mation, access the Technical Support Package 
(TSP) free on-line at www.nasatech.com 
under the Physical Sciences category. 
In accordance with Public Law 96-517, 
the contractor has elected to retain title to this 
invention. Inquiries concerning rights for its 
commerr:ial use should be addressed to 
Technology &porting Office 
JPL 
Mail Stop 122-116 
4800 Oak Grove Drive 
Pasadena, CA 91109 
(818) 354-2240 
Refer to NP0-20703, volume and number 
of this ASA Tech Briefs issue, and the 
page number. 
Metal Layer (AulGe) Au] for Reflection of Ught and Ohmic Contact 
I 
~~:d ~ t:;;+:Y}OWIP_"" 
Incident Ught Grating 
CROSS SECTION OF A TYPICAL aWIP WITH GRATING 
MAGNIFIED PERSPECTIVE VIEW OF GRATING 
Grating of 
Holes 
Grating of 
Patches 
A Hexagonal Pattern of either patches of metal film or holes in an otherwise continuous metal film 
would constitute a tridirectional grating for coupling of light into the quantum·well layer(s) of a 
QWIP. The grating would be formed in the cap layer of the QWIP. 
Photonics Tech Briefs. May 2000 "ww.nasatech.com for Mont InformationJ:irde No--A74 
Update on Fuzzy-Logie-Enhanced Digital-PIV Software 
John H. Glenn Research Center, Cleveland, Ohio 
Two reports pre ent additional infor-
mation on the ubject matter of "Software 
for Proces ing Data in Particle-Image 
Velocimetry" (LEW-16857), ~SA Tech 
Briefs, Vol. 24, o. 1 (January 2000), page 
26a. Like the cited prior article, both 
reports discuss the principles and the 
practical aspects of particle-image 
velocimetry (PlY), which i a method of 
determining a flow velocity field from 
image of mall eed particle that are 
entrained in the flow and that are illumi-
nated by laser pul es at known interval of 
time. Also like the cited prior article, the 
reports de cribe PlVPROC - a u er-
friendly computer program that creates 
an interactive computing environment 
for displaying and proce ing PlY image 
data and that emplo fuzzy logic to max-
imize the amount and quality of velocity 
information extracted from the raw data. 
The cited prior article mentioned in pass-
ing that PlVPROC upports the com-
bined u e of cross-<:orrelation and parti-
cle-tracking image-data-proce ing tech-
nique to obtain high-<Juality velocity data 
over a wide range of particle-seeding den-
itie ; the two reports discuss this aspect 
of PlVPROC in more detail , with orne 
emphasis on the fact that thi combina-
tion of techniques yield velocitie with 
the highest po sible patial re olution . 
Two-Color Random Reflectors for QWIPs 
This work was done by Mark Wernet of 
Glenn Research Center . To obtain copies 
of the reports, "Fuzzy Logic Enhanced 
Digital PIV oJtware" and "Particle Im.age 
Velocimetry Processing: PIVPROC," access 
the Technical Support Package (TSP) free 
on-line at www.nasatech.com under the 
Mechanics category. 
Inquiries concerning rights for the comm.er-
cial use of this invention should be addres ed 
to ~SA Glenn Research Center; Commercial 
Technology Offzce, Attn: leve Fedor, Mail 
Stop 4-8, 21000 Brookpark Road, Cleveland, 
Ohio 44135. Refer to LEW-170JO. 
Reflectors could be designed for two-band or single-broad-band response. 
NASA's Jet Propulsion Laboratory, Pasadena, California 
Random reflectors of a proposed type 
would be fabricated on the back surfaces 
of quantum-well infrared photodetec-
tors (QWIPs) to increase the coupling 
efficiency of infrared light into the 
QWIPs in two wavelength band . A 
reflective surface according to this pro-
posal would comprise an array of square 
cells, each cell divided into a 2-by-2 array 
of subcells that would lie at variou , part-
ntel tWa 
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Now you can add interferogram 
analysiS to your own applications. 
New! IntemWave Version 2.1 
Download from the _b. 
www.engsynthesis.com 
sales@engsynthesls.com 
,---.......................... .,...... ..... 
..... ... ....--. .. -.......... . 
coaev .. . ......-........ -.....u. 
.. ~ .. . ~.,.-c __ .-.c. 
Engineering 
Synthesis 
Design, Inc. 
Tucson, AZ 
Tel: 520.296.3068 
Fax: 520.296.2897 
For More Information Circle No. 479 or Visit www .nasatech.com/479 
ly random dep0s relative to the nomi-
nal flat back surface of the QWIP. The 
subcells at the various depths would be 
formed by one of several lithographic 
proce ses, depending on the specific 
design. In comparison with the light-
scatteJing efficiency of cro ed-diffrac-
tion-grating QWlP light couplers that 
have been reported previou ly in ASA 
Tech Briefs, the light-scattering efficiency 
of the propo ed random reflector 
would be less dependent on wavelength; 
this would be an advantage in QWlP 
applications in which there are require-
ments for broad-band or multiband 
response. 
As di cussed in more detail in several 
prior articles in NASA Tech Briefs, in 
order to couple light into a QWIP, the 
quantum-well layers of which lie parallel 
to its focal plane, it is nece ary to cau e 
light to propagate within the QWIP 
along a direction other than perpendic-
ular to the focal plane; the efficiency of 
coupling increases with the angle 
between the direction of propagation 
and the perpendicular. Mo t of the 
incoming light i concentrated within a 
small angular range about the perpen-
dicular. Therefore, the purpo e served 
by the propo ed random reflectors and 
b the previously reponed cro s-grating 
QWlP light couplers i to exploit diffrac-
tion to divert the incoming light, as effi-
ciently as po ible, to propagation at 
large angle from the perpendicular. 
Additionally, light that i not ab orbed 
will get reflected and encounter a differ-
Photonics Tech Briefs. May 2000 
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The Zero-Angle Reflectivity Spectrum and the Diffraction Pattern were computed for the reflector 
pattern shown at the top. (The actual relfectivity would likely be greater but similar in shape.) The 
computations were based on free-space wavelengths of 14 and 16 ~m, a subcell (reflector-grid) inter-
val of 2.5 ~m. and an index of refraction of QWIP material of 3.1. A free-space wavelength of 15 ~m 
was used in calculating the diffraction pattern. 
ent tructure on each bounce. This 
improves the ability of the QWIP to trap 
the light and absorb a larger fraction of 
photons. 
For maximum diffraction at high 
angles, the subcell would be given 
dimensions of the order of the wave-
lengths of interest It would aI 0 be nec-
essary to minimize low-angle diffraction 
in order to minimize waste of light 
Therefore, the depths of the subcelJs 
would be cho en 0 that at the middle 
wavelength of both wavelength bands 
of intere t, any light propagating along 
the perpendicular direction would inter-
fere destructively. Specifically, the 
depths of the four ubcells (d" i = 1 to 4) 
of a given cell would be as follows: 
dl = a random value between 0 and 1..1/4, 
t4 = dl + A1 /4, 
d, = dl + ~/4, and 
~ = dl + AI/4 + ~/4, 
where Al and ~ are the two wavelengths 
of intere I inside the QWIP material. 
This choice of depths would cau e the 
subcells to act in pairs to produce 
de lructive interference: At Alo de truc-
tive interference would occur between 
ubcells 1 and 2 and between subcells 3 
and 4; at ~, de tructive interference 
would occur between ubcells 1 and 3 
and between ubcell 2 and 4. 
The figure shows a gray-scale repre-
entation of a reflector pattern of this 
Pholonic; Tech Briefs, May 2000 
type, a plot of the computed zero-angle 
(perpendicular) reflectivity, and a gray-
scale representation of the computed 
diffraction magnitude as a function of 
the sine of the angular deviation (0) 
from the perpendicular. All wave inside 
the circle of radius sin (0) = I are propa-
gating, and tho e outside the circle are 
evanescent. As needed for efficient cou-
pling, the computed zero-angle reflectiv-
ity goes to zero at the two design wave-
lengths and the computed diffraction 
magnitude at high angles i strong. 
This work was done /Jy Danitl WiL50n, 
umith Bandara, arath Gunapala, and 
John K Liu oJ Caltec/! Jor NASA's Jet 
Propulsion Laboratory. For Jurther infor-
mation, access the Technical upport Package 
(TSP) free on-line at www.nasCItech.com 
undn- the Physical cimces categrJry. 
In accordance with Puhlic Law 96-51 7, 
the contractor has elRcted to retain title to this 
invention. IruJIllrUs concerni1lg rights for its 
commercial use should be addressed to 
Technology Reporti1lg Offue 
JPL 
i\-lail Stop 122-lJ6 
4800 Oak Grove Drive 
Pasatkna, CA 91109 
(818) 354-2240 
Refer Lo NP0-20682, volume a1ld number 
of this ASA Tech Briefs issue, and the 
page nwnber. 
www.nasalech.com 
Open Source 
Beam Pro fIler 
The new generation of beam profilers 
SensorPhysics, Inc. is please to 
announce that the latest version of 
the LaserTes! beam profiler software 
is now available for free as open 
source code - simply download from 
our web site. 
Now our ten plus years of software 
development is yours with a full 
library of statistical calculations for 
laser beam measurement including 
M2, XY profiles, centroid, and 3~. 
The LaserTes! code interfaces with 
low cost «$100) framegrabbers via 
the Video for Windows interface 
included in all Windows operating 
systems. These framegrabbers are 
often designed for internet and 
intranet video transfer - opening up a 
whole new approach to mUltiplexed 
beam analysis. 
o.ur detection system is based on 
standard video cameras - both 
RS 170 and CCIR formats suitable 
for all laser wavelengths. 
If you are in a hurry you can still 
order our low cost LS2000 LaserTest 
package including your choice of a 
PCI, PC Card or USB interface. 
Other SensorPhysics products 
include LaserWave spectrometers for 
measuring laser wavelengths and 
spectra from 200-16S0nm, UV 
measurement films and OEM 
thermopile detectors. 
SensorPhysics, Inc. 
727-781-4240 fax 727-781-7942 
www.sensorphysics.com 
SEE US AT CLEO 
For ~~~_ Information qrcle N.~:..~76 
NEW PRODUCTS 
PRODUCT OF THE MONTH 
Fiber-Coupled laser Diode System 
Coherent miconductor Group, nta Clara, CA, introduces 
the F-Package > tern, which it describes as a tandalone micro-
proce or<ontrolled fiber<oupled laser diode sy tem in wave-
lengths from 650 to 9 0 nm. Delivering its power through a 
05·m-long large-core optical fiber, the module con i ts ofa in-
gle-stripe laser diode, rated from 0.2 to 2.5 W depending on 
the configuration, mounted on an active air<ooled heat sink 
with an optional thermoelectric cooler capable of regulating 
case temperature from 1040 ' C, along with all nece sary laser 
and TEC dri,-e and control electronics. The F-Package tern allow users to swap-out laser diodes at dif-
ferent wavelength to upport a "ide variety of applications, including oldering, epoxy Cllring, medical 
therapeutics, graphic arts and pumping solid-state laser media. 
For Mer. Information Circle No. 736 
Designed for I O-Gbl s 
fiber optic telecommuni-
cations and data commu-
nications application, 
the SM 100 surface-
mount bias tee from Picosecond Pulse Lab , Inc., 
Boulder, 0, provides a broadband pulse re ponse 
for delivering bias and signal to laser diodes or mod-
ulators. Feature of the tee are 14-kHz-to-l3-CHr 
bandwidth, 21-p rise time, and maximum DC cur-
rent of 500 rnA. The SM 100's footprint is 0.64 x 1.02 
in., and its height 0.252 in . The company says the 
device will enable engineers to achieve beller bit-
error-rate performance in systems, and its mall size 
and low cost are additional benefits. 
For More Information Circle No. 738 
Optical Channel 
Analyzer 
Burleigh lnstruments, 
Ftshers, NY, announ-
ces the availability of 
the WA-7000 multi-
line Wavemeter opti-
cal channel analyzer, which it sa) provides the full opti-
cal spectrum for precise DWDM channel analysis. The 
instrument combines Burleigh' scanning Michelson 
interferometer-based technology with digital process-
ing to measure and differentiate the absolute wave-
lengths of up to 200 discrete optical channels. The 
company says accuracy of the measurements i ±1.5 pm, 
with a spectral resolution as high as 50 pm. The WA-
7000 also can calculate parameters such as channel 
spacing, drift, and ignal-to-noise ratios. 
For Mo... Information Circle No. 741 
High-Resolution 
Enlarging lenses 
Rodenstock Preci-
sion Optics, Rock-
ford, IL, has added 
to its line of high-
resolution enlarging 
lense . The Apo-
Rodagon-. lense are a,,,,ilable in 45 mm, 75 mm, 
and 90 mm. They are apochromatically corrected 
len es that en ure elimination of ,;Sible color 
fringes on high<ontrast borders, and are a pre-
ferred len for b&w imaging, according to the com-
pany. Rodenstock recommends the len es for can-
ners , inspection equipment, duplication work, 
macro photography, and high-frequency- cameras. 
For M...-. Information Circle No. 744 
32a 
DWDM Comb Source 
!LX Lightwave, Bozeman, 
MT, introduces the ITS-
9200 high-den ity DWDM 
Advanced Comb Source for 
optical amplifier and com-
ponent te t and measure-
ment. With up to 4 distrib-
uted feedback sources, it 
feature 10- and 20-mW outpUt power, "",velength 
acro the C- and L-bands from 1528-1610 nm, inte-
grated coherence control , internal and external 
modulation capabilities, and source hutters. The 
device also has an integrated multiplexer and vari-
able optical attenuator. According to the company, 
the ITS-9200's laser diode calibration and control 
technology have been improved. 
For More Information Circle No. 739 
I 
1310-nm 
Optical 
Amplifier 
IPG Photo-
nics , Stur-
L-______________________ -" bridge, MA,is 
offering F1uoroamp 1310, an optical amplifier for 
that wavelength available in three configuration . 
As a CATV amplifier its input power is +2-8 dBm, 
output power up to +1 dEm, and noise <5.5 dB; as 
a single-stage telecom amplifier, its input power is 
-20-+8 dBm, output power up to +18 dBm, and 
noise <6.5 dB; as a dual-stage telecom amplifier, its 
input power is -25-10 dEm, output power up to 
+18 dBm, and noise <7.5 dB. Wa,-elength range i 
1290-1320 nm (telecom) and 1295-1314 nm 
(CATV). 
For More Information Ci rcle No. 742 
DWDM/PMD 
Proflle Inc., Rocka-
~, 
tor is an all-optical 
olution to detect 
polarization-mode-di persion (PMD) distortion , 
give a feedback signal for p~m compensation, and 
supen;se wavelengths, optical power, and optical 
I 'ratio of each channel of a DWDM network. The 
company says the de,;ce is suited for IO-Cbl and 40-
Gbl transmission sy tern . Compared to conven-
tional channel monitoring devices, the tern is 
faster and could be used for PMD compensation 
independent of the operating bit rate. Minimum 
detectable PMD change is 0.5 ps. 
For Mono Information Circle No. 745 
",ww.nasalech.com 
2,S-Gb/s Oxide VCSEl 
The )(ODE Dinsion of 
Emcore Corp., Albuquerque, 
'M, make available what it 
terms the industry' first com-
mercial 50-nm 2.5-Gb/ s 
oxide "enical<a,ity surface-
emitting laser (V EL). The 
company de igned Gigalase \\ith OxideGuide 
ources to be the critical high-speed optical link for 
next-generation rial and parallel optical tranS-
ceivers for OC-J92 and imilar use . Emcore say the 
VC EL prO\ide lower current thresholds and 
rnoother slope efficiencie to meet perfonnance 
requirements of exi ting and future Gigabit Ethernet 
standard . The V ELs are available as bare die or in 
TO<ans or optical assemblie . 
For More Information Circle No. 737 
Four-Million-Pixel 
Image Sensor 
Eastman Kodak 0., 
Rochester, NY, is offer-
ing the Digital Science 
KAJ-4000M four-mega-
pixel solid-state image 
ensor. The charge-
coupled device, with 204 x-2048-pixel resolution, 
was designed specifically for medical application 
such as fluoroscopy and digital x-ray. Kodak cites the 
electronic hUller, expo ure control, antiblooming 
protection, low mear, and high dynamic range (60 
dB) as contributing to the sensor's high perfor-
mance. AI a 20-MHz clock rate, the quad output 
architecture allow 15 full frames per second (in the 
progressive scan option) readout. 
For More Information Circle No. 740 
Industrial 
Gauging 
Sensors 
The Industrial Sen-
sors Division of 
Laser Mea ure-
mem International 
(LMI) , Heerlen, 
eleom SLS 7000 non-
contact laser-based pecular reflective sensor mea-
sures with a IO-nanometer accuracy. It has a l6-kHz 
sample rate and a 10- to 20-micron vi ible laser pot 
that enables profiling of intricate target structure 
such as minu cule cracks and grooves. LMI says the 
ensor was de igned to measure perfect mirrors, iI-
icon wafers, stainless steel , and other reflective 
materials. 
For More Information Circle No. 743 
Dynamic 
Spectral 
Equalizer 
The Optical et-
working Devices 
division of Coming 
Inc . , Corning, NY, 
introduce the 
Pure Path dynamic spectral equalizer, a liquid<f) taI-
based instrument that extends the reach oflong-haul 
communication and DWDM networks by correcting 
pectral nonuniformitie caused by passband nar-
ro"ing. The company say the equalizer's feature 
include high resolution, fast response time, high iso-
lation , and low insertion 10 . It can individually 
attenuate 40 channels at lOO-GHz spacing, and i 
extendable to 80 channels at 50 GHz. 
For M...-. Information Circle No. 746 
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IDL 5 .3.1 - Great for Interactive Analysis 
Steven 'S. Ross 
Doe 'our organization have piles of 
data that need to be cfWlched? If the data 
et is tatic, there are some great purely 
statistical packages to do the job - Statis-
tica, SAS, and P among them. If you 
don't need the stats, but do need nice 
graphics, E.."(cei or a similar preadsheet 
might fill the bill - especially if aug-
mented by an add-on program such as 
Harvard Chart XL. 
everything in integer math instead of 64-
bit floating point. 
Like MATLAB from The Math Works, 
IDL is particularly good at proce ing ar-
rays - tables and tables of data. The lan-
guage is compact (a few lines of IDL 
code can replace hundred of line of 
C++ or FORTRAN). Users of these lan-
guages tend to rely on huge ub-
routine libraries, but even when 
such libraries are available, the writ-
ing and debugging process can be 
painful. With IDL, signal process-
ing and image processing can be 
done almost painlessly, once you 
learn the basic syntax. 
also handle numerous graphics formats 
including BMP, P G, GEO TIFF, PPM, 
SRF, Interfile, JPEG, GIF, and PICT. It 
can even read DXF (a CAD format) and 
WI\. audio file . 
There are version for Wmdows, UNIX, 
VMS, and Macintosh. We reviewed in the 
Windows NT 4.0 version. The trick to pro-
But what if your data set is constantly 
updated, or you want to send data out to 
many project team members to play 
with? What if you need to do the stats 
and the graphics as well? Then llL (In-
teractive Data Language) from Research 
Systems, Boulder, CO, might be just the 
thing for you. There's an added bonus. 
The basic package comes with every-
thing you need to create standalone 
modules for exploring data, even within 
other applications such as Word or Ex-
cel. IDL is an OLE/COM server and 
Here 's an example: Applying a 
lowpass filter to the noisy data allows 
low-frequency components to re-
main unchanged while high-frequen-
cies are smoothed or attenuated. You 
can construct a filter function by en-
tering step-by-step commands. 
To filter data in the fre-
quency domain, we multiply 
the Fourier transform of the 
IDL's mathematics and statistics routines help you an-
alyze your data quickly and easily. You can click on 
the plot to select a point for which the equations 
should be solved. 
data by the frequency response of a 
filter and then apply an inverse 
Fourier transfOim to return the data 
to the spatial domain. 
The re ults can be output graphi-
cally, either as static images or as an-
imations. There's good OpenGL 
graphics support, assuring portabil-
ity of the programs you write in IDL 
among various OpenGL platforms. 
The wavelet transform is an orthogonal transform that 
can be used to reduce the size of a data set. The com-
pression percentage can be adjusted by moving the 
slider or by clicking and dragging in the plot window. 
Existing FORTRAN and C rou-
tines can be linked into dynamically. 
Alternatively, you can write C and 
FORTRAN programs to call IDL 
routines as a subroutine library or 
display "engine." 
IDL has been an evolutionary 
comes with an interface builder's kit. 
The latest version, 5.3.1, even has Ac-
tiveX controls for viewing IDL-gener-
ated analyse over a network. 
Thi is programming, though. Is the 
learning curve worth it? Many will think 
it is. It i fairly easy to come up to speed 
with llL, at least for straightfonvard 
tasks. But the extra niceties do take 
some getting used to. For exanlple, to 
process really huge data sets - upwards 
of a million cell - faster, you can go to 
wavelet processing or you might con-
side]' tweaking tlle system, perhaps to do 
18 
product, with frequent upgrades. 
Version 5.3 offers faster operation and 
many enhanced features, including some 
new commands. Some of the biggest im-
provements canle in speed and in 3D vi-
ualization. Often, this has come about 
because Research System ha been 
rewriting subroutines that were written 
in other language, into IDL itself as new 
commands become available. 
IDL can read CDF (Common Data 
Format), HDF (Hierarchical Data For-
mat), HDF-EOS (Earth Observing Sy-
tern extensions to HDF) and netCDF 
( em'ork Common Data Format).lt can 
www.nasatech.com 
ducing portable IDL applications - ones 
that tUn on all platforms - is to avoid 
platform- pecific features. Re earch ys-
terns lists all the trouble spots. If you have, 
say, the Windows 95/98 version, you can 
move files across to a Macintosh and use 
the Mac version to compile the program. 
Pricing ranges from $1 ,895 for a single-
user PC or PowerMac license, to $3,895 
for a single-u er, floating network worksta-
tion license. 
A full install requires roughly 140 MB 
of hal-d drive space in Windows. The soft-
ware ran well on a 200-MHz Pentium Pro 
with 64 MB of RAM. You can download a 
trial version (it won't save or print files, 
and it fW1S for only seven minute at a 
time) from www.researchsystems.com. 
The download is about 80 MB. If you lack 
a fast connection to the Internet, ask for a 
demo CD. 
Steven S . Ross teaches jour-
nalism at Columbia University in 
New York City. He has authored 
three commercial software pack-
ages, including a units conver-
sion program and an engineering 
calculations program. 
ASA Tech Briefs, May 2000 
FRAME GRABBER 
HI*DEF Accura ™ 
1_25 'M 
1_50™ 
1_60™ 
IMASCAN 'M 
PIXELJITIER PIXEL RATE 
±0.5 ns up to 150 MHz 
±1 .0 ns up to 25 MHz 
± 1.0 ns up to 50 MHz 
±1 .0 ns up to 60 MHz 
±2.5 ns up to 20 MHz 
BITS 
10 bits 
8 MSB of 10 bits 
10 bits 
10 bits 
8 bits mono 
24 bits color 
FORESIGHT 
IMAGING™ 
978-256-4624 
info@foresightimaging.com 
www.foresightimaging.com 
For More Information Circle No. 548 or Visit www .nasatech .com/548 
Visual C++ 
and Visual 
NEW! 
Measurement Studio'" for 
Visual C++, Visual Basic, 
and the Internet 
A re you looking for C++ 
classes, ActiveX controls, or 
COM objects for measurement 
applications? National Instruments 
Measurement Studio builds on 
12 years of measurement 
programming expertise with 
LabVflndows~/CVland 
Componentworks~ to deliver 
measurement tools that are 
tightly integrated into the 
Microsoft Visual C++ and Visual 
Basic programming environments. 
Measurement Studio delivers the 
measurement tools you need to 
acquire, analyze, and present 
your data faster than ever before! 
Improve your 
prog,ammlng • ""~_, -~­
productMty today/ VIsIt 
~NATIONAL 
' ..... INSTRUMENTS~ 
Tel: (512) 7940100 • Fax: (512) 6839300 
info@nl.oom 
.~XI'lD ___ c...-. ..... _"""_ 
__ .... ____ ....... _fl..,~-. 
For More Information Circle No. 413 
Who's Who at NASA 
Bruce Spiering, Instrumentation Engineer 
Stennis Space Center 
Bruce piering i an In trumenta-
tion Engineer in the 
Earth tern Science 
Office (ES 0) at 
ASA' tenni pace 
Center ( C) in Mis-
si ippi. He u sop-
tical techniques in re-
mote en ing to conduct re earch in plant 
physiology and ocean primary productiv-
ity. piering developed the Portable Mul-
tispectral Imaging Device (PMID), which 
produce multiple video image of the 
same cene at pectral band ranging 
from the ultraviolet through the infrared. 
.NASA Teen Briefs: What was the original 
NASA application for the PMID? 
Bruce Spiering: The original idea was 
to develop a low-<:o t, reconfigurable op-
tical system that would allow any images 
in any spectral bands to be acquired 0 
that they were co-regi tered to each 
other. That is, each point in a given 
image aligns with the corresponding 
point in the other images. Thi allows 
processing to be done on the image as 
they are being acquired, without having 
to co-regi ter them in some other way. Ac-
quiring multispectral images for analysis 
i generally referred to as remote sensing. 
Since there is a broad spectrum of re-
earch and application areas that require 
or can benefit from uch proce ing, the 
objective was to develop a sy tern that 
could potentially address many ASA ap-
plications, such as hydrogen-fire detec-
tion or finding ice on the Space Shuttle's 
external tank prior to launch. 
NTB: Why was PMID technology se-
lected for measuring chlorophyll levels 
in plants? 
Spiering: Dr. Greg Carter, who is also lo-
cated at tennis, had been investigating 
the use of remote sensing to e timate 
chlorophyll levels in plants for several 
years. He had identified the appropriate 
pectral bands, the algorithm for process-
ing the data, and the lab and field meth-
od for acquiring the data. He had been 
primarily using non-imaging in truments 
to conduct the research, but had also 
used individual cameras with the appro-
priate pectral filters to acquire image of 
plants. ince the cameras each had inde-
voMw.nasatech.com 
pendent optical terns (lense ), it was 
necessary to co-regi rer the image before 
any of the algorithms could be applied to 
them. Thi can require a ignificant 
amount of labor, particularly if there are 
many image acquired. It also require 
some relatively expensive oftware. The 
u e of the PMID eliminate that proce 
NTB: How does the PMID work? 
Spiering: A primary objective lens fo-
cuse on an image at a field stop. This 
image is then collimated by a second len. 
Thi produce a collimated beam that i 
projected through beam splitters, allow-
ing the light to be divided and directed 
through a pectral filter to one or more 
image-acqui ition systems, uch as CCD 
cameras or even film cameras. Each of the 
cameras is focused back through the colli-
mating lens onto the same fie ld stop as 
the primary lens. This allows each camera 
to be focu ed, aligned, and given the ap-
propriate magnification so that each 
image i the same size and i co-registered 
to the other. 
NTB: What features make this device 
readily adaptable to other applications? 
Spiering: The PMID is adaptable due to 
the fact that the filters can be changed, 
the primary lens can be changed, and dif-
ferent types of cameras or imaging devices 
can be used. 
As the potential for using multi pectral 
imaging to olve problems become more 
widely known, there is no limit to the 
number and variety of applications that 
might develop from industrial, to agricul-
tural, to medical. The main emphasis 
right now is on agriculture. A farmer 
would use the data to get a current assess-
ment of crop, as to whether fertilizer is 
needed and so on. The technology has 
been licensed for evaluating agricultural 
crop uch as com, soybeans, cotton, and 
many other. This type of system could 
also be used by the horticulture industry 
and in golkourse management Other 
applications could include industrial ma-
chine vision for such thing as product 
evaluation, where a few spectral bands 
could provide a better detection probabil-
ity than a broad- pectrum camera. 
A !uU transcript o! this interview is available 
at WWUI.nasatech.com. Mr. spiering can be 
reached at lmu:e.spiering@ssc.nasa.gau. 
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Thermal Stability of Krytox* 2000 
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Thermal Stability of KrytoX- 2000 
Minutes 
WITH KRYTOX BUILT INTO 
THE EQUATION, YOU'LL FIND 
THE PERFECT SOLUTION. 
Designing an application with critical parts that have to last? Make sure you plug 
Krytox· into the equation. Formulated from exclu ive space-age fluoropolymer 
technology, Krytox· lubricant extend the life of critical components in even the mo t 
extreme condition . And over the broadest range of temperatures, from -70°F to 650°F. 
Krytox· is nonflammable. It' compatible with metals, elastomer and engineering 
plastics. It even stand up to harsh olvents. No matter what you're de igning, 
when Krytox· i part of the equation, you've gOl a de ign that' 
built to last. For more information, call 1-800-424-7502. 
Or visit our web ite at www.dupont.comllubricants. 
For MOn! Information Circle No. 590 
<[(J PONJ) 
KrytOX' 
perfumlance lubricants 
N ASA has selected a high-perfor-mance optical encoder and a new 
class of polyimides as the agency's top in-
ventions for 1999. Douglas B. Leviton of 
Goddard Space Flight Center has been 
named winner of the ASA Government 
Invention of the Year Award for develop-
ing the Method and Apparatus for Ultra-
High-Sensitivity, Incremental and Ab-
olute Optical Encoding. ASA's 
Commercial Invention of the Year is the 
Colorless and Low Dielectric Polyimide 
Thin Film Technology developed at Lang-
ley Research Center. While these inven-
tions originally were designed for space-
borne operations, each has significant 
terrestrial potential. 
Revolutionary Po/yimides 
The Colorless and Low Dielectric Poly-
imide Thin Film Technology - NASA's 
Commercial Invention of the Year - has 
resulted in a class of revolutionary poly-
imides exhibiting remarkable qualities in 
the areas of tran pare n cy, ultraviolet re-
sistance, and operating temperatures. 
These materials, known as LAR -CPl 
and LARC~ -CP2, are the subject of four 
U.S. patents, a European patent, and a 
Canadian patent. The technology was de-
veloped at ASA's Langley Re earch 
Center in Hampton, VA, by Anne K St. 
Clair, Dr. Terry L. St. Clair, and Dr. 
William P. Winfree. 
When cast in a thin-film format, the 
patented invention is optically clear, 
highly resistant to the ultraviolet-radiation 
environment of space, moisture re istant, 
and has excellent thermal stability at high 
temperatures. Films may be obtained by 
hand-brushing, casting, or spraying a 
22 
SRS Technologies' large concentrators used to collect solar energy for the Solar Thermal Propulsion or-
bital transfer vehicle (SOTV) are made almost entirely of the advanced polyimide materials developed 
at Langley Research Center. (Photo courtesy of SRS Technologies) 
layer of solution onto a sW'£ice and ther-
mally converting the applied layer to the 
patented polyimide. An alternative 
method i to chemically convert the solu-
tion to the polyimide, dissolve the poly-
imide in an organic olvent, apply a film 
layer of dissolved polyimide onto a SW'-
face, and thermally remove the olvent. 
Thi invention has been licensed to SRS 
Technologies of Huntsville, AL, and to 
Triton ystems of Chelmsford, MA. The 
polyimides are being used in the manu-
facture of solar sails, thin-film solar con-
cenO'litors, large antennae, solar thermal 
www.nasalech.com 
propulsion systems, and other space ap-
plications. SRS is using the material to 
produce flat film panels for Hughes, 
which is integrating 16 of the panels into 
a solar power tem to be launched on a 
satellite later this year. The low-<:ost, light-
weight panels produced with this film are 
expected to increase power production of 
photovoltaic arrays by 70 percent. 
Future applications for the polyimide 
include optics for use in space applica-
tion, thermal-<:ontrol coating, solar 
hielding, high-temperature wire and 
cable wrapping, coating for integrated 
ASA Tech Briefs, May 2000 
circuits, and insulation for electric motors 
and generators. Additional applications 
include flexible printed circuit boards, 
liquid crystal displays, multi<hip module 
interlayer dielectrics, solar cells and ar-
rays, UV-resistaDt protective coatings for 
art and outdoor statues, and -resistant 
additi\'es for co metics and commercial 
exterior paints, 
The Colorless and Low Dielectric Poly-
imide Thin Film Technology is also 
NASA' nominee for the ational Inven-
LOr of the Year Award, ponsored by the 
Intellectual Property Owners, Inc, (IPO) , 
in cooperation with the U.S. Patem and 
Trademark Office. For more information 
on the technology, visit www.stg.srs.com/ 
Aerospace/advpolymers.hon. 
High-Performance Absolute 
Optical Encoder 
tion. and higher sensitivity over 
what is commercially available. 
This patented encoder employs 
everal mature technologie. in-
cluding micro lithography, optical 
projection. electronic imaging, 
and high-speed image proce ing. 
The pattern used on the en-
coder's glass scale i very coarse 
compared with tho e of existing 
encoders, and the po ition infor-
mation obtained i derh'ed by dig-
ital proce sing of cale images. 
These feature result in a consid-
erable immunity to damage-in-
duced 10 of po ition information 
and about an order of magnitude 
higher sensitivity over commer-
cially available encoders. The 
ASA encoder, which has 0.02 
arcseconds sensitivity. is under 150 
mm in diameter and costs under 
The Method and Apparatus for Ultra-
High-Sen itivity, Incremental and Ab-
solute Optical Encoding was invented by 
Douglas B. Leviton of the ASA/ GSFC 
Optics Branch at Goddard pace Flight 
Center, Greenbelt, tvID. In its simplest 
form, the encoder measures the position 
of a moving object by observing a set of 
marks, each unique, passing the en-
coder' imaging detector. Its innovative 
design offers the advantage of increased 
reliability, compact form, low-cost produc-
5.000 to produce. A commercial 
absolute encoder with the same 
resolution is more than 1,000 mm 
in diameter and costs approxi-
mately 200,000. The linear ver-
sion of the encoder has sensitivity 
down to lO nm, 
The NASA encoder has been used successfully to accurately 
position the Reflective Aberration Simulating Calibrator in 
front of the Hubble Space Telescope (HST) Advanced Cam-
era for Surveys (ACS). and for calibrating ultraviolet spec-
tral dispersion of flight prisms within ACS. This high-performance optical 
encoder promises to sub tantially 
improve the pointing accuracy of future 
orbiting tele copes. perhap even the 
ext Generation Space Telescope 
The Year's Best 
NASA's top inventors were honored during a ceremony at NASA Head-
quarters. Here are the remaining 1999 Invention of the Year nominees: 
Glenn Research Center 
• Producing Fiber Reinforced CompOSites Having Dense Ceramic 
Matrices. Inventors: Donald R. Behrendt and Mrityunjay Singh. NASA 
Case # LEW 15449-1. 
• Self-Lubricating Composite Chromium Oxide. Inventors: Christopher 
Dellacorte and Brian J, Edmonds. NASA Case # LEW 16183-1. 
Johnson Space Flight Center 
• Active Synthetic Soil. Inventors: Douglas W, Ming. Donald L. Henninger. 
Earl R. Allen. and Dadigamuwage C. Golden. NASA Case # MSC 21953 
and MSC 21954. 
Kennedy Space Center 
• Detector for Particle Surface Contamination. Inventors: Paul A. Mogan, 
Christen J. Schwindt. and Carl B . Mattson. Software Contributor: Steven 
Kinkle. NASA Case # KSC 11809-1 . 
Marshall Space Flight Center 
• Closed-Loop Autonomous Docking System. Inventors: Richard W. 
Dabney and Richard T. Howard. NASA case # MFS 28421 . 
For more information on NASA's Invention of the Year program. visit 
www.hq.nasagov/office/ codeilinvention.html. 
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( GST), scheduled for launch in 2008. It 
already has been succe fully used for cal-
ibrating ultraviolet spectral dispersion for 
flight prisms for the Hubble pace Tele-
scope (HST) Advanced Camera for Sur-
veys (ACS) and will be u ed in the ultra-
precise calibration stimulus for HST Wide 
Field Camera 3 (WFC3). When there was 
an apparent problem with the accuracy of 
an encoder used in the High-Resolution 
Doppler Limb Sounder (HIRDLS) instru-
ment for the Earth Observing System's 
Chemisn-y pa ecraft (EOS/CHEM), the 
NASA encoder was used to verify the 
HIRDLS encoder's performance, aving 
the agency considerable costs associated 
with commercial calibration or replace-
ment. The encoder also has been used in 
a variety of mission<ritical NASA metrol-
ogy operation which were othenvi e 
technically unachievable or impo ible 
from a cost Landpoint. 
According to A, various commer-
cial enterprise have hown interest in the 
, A encoder for application including 
high accuracy gimbals, linear positioning 
platforms for microlithography steppers, 
inspection equipment, computer-aided 
machining, and high-accuracy rotary air 
bearing pindles for the disk-<irive manu-
facturing industry, where higher angular 
accuracy can mean higher possible infor-
mation-swrage density and reliability. 
For more information, vi it http:// 
optic nts.g fc.na a.gov/technology/ 
encoders/invention_l 999.htrn 
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Design Engine r 
ew Centur of Innov i 
2000: 
The National Design Engineering Show (NOES), part of National Manufacturing Week, 
was held March 13-16 at Chicago's McConnick Place. NDES featured more than 1,200 
exhibitors In three miles of aisles, filled with the hot technologies and winning ideas for 
tomorrow's successful design engineers. Products and services In CAD/CAM/CAE, 
materials, motion control, electronics, rapid prototyplng, and other areas were displayed . 
e-Innovations Take 
Center Stage 
NDES exhibitOl'S illustrated the booming proliferation of 
the Internet with the introduction of a variety of web-based 
producls. From database services. to CAD software, to 
enterprise management producls, here arc some of the 
Internet-based innovations that debuted at the show. 
• MechSoftcom, 
Austin, TX, an-
nounced Mech-
Soft-PROFl, which 
handles design re-
visions and "what-
i£" scenarios on en-
tire assemblies in 
seconds. By track-
ing the functional 
-:.~ ~ 
~ ~ .! 
===-..- ~ --
requirements of individual parts and their relationships throughoUl 
the assembly, it captures the "why" of a design, intelligently safeguard-
ing the engineer' specified design intent. It also include 
MechSoftcom's tandard Part Library, calculations, and the on-line 
Engineers' Handbook. The Group Manager acts as a map, graphically 
representing both a de ign ' components and its functions. The Part 
Library fealures 1 million standard parts with a set ofintemational 
standards. Visit www.mechsoftcom. 
• PlanetCAD, a web portal for tlle digi tal 
manufacUlring supply chain, was pre-
viewed by Spatial, Boulder, CO. The 
first Engineering Service Provider 
(ESP), the site allows engineers and 
manufactllrers to access a one-stop-sh op 
for CAD/ CAM/ CAE, interoperabili ty, 
rapid manufacturing, analysis, and reverse 
engineering, as well as incorporating educa-
tional resources, industry service guides, employmenl opporUlnities, 
communi ties, links and reference libraries, and industry news. Ser-
vice include 3Dshare.com, which enables the repair and translation 
of CAD/ CAM/ CAE file formats; Bits2Parts.com, which will enable 
the rapid delivery of stereoli thography files LO rapid prototyping up-
pliers; Secure Route, which will enable the secure model routing, 
management, transmission, tracking, and delivery of producl data 
via tlle [ntemet; and 3Dpublish.com that enables users to take "snap-
shots" of 3D models for archival, demon tration, and marketing pur-
poses. VISit www.planetCAD.com. 
• Alibre Design'" Public Preview from Alibre Design, Richardson, IX, 
leverages the [ntemet as a platform to provide an integrated team 
environment for collaborative mechanical design and data manage-
ment. Operating as an ASP that develops, markets, and distribules its 
own application services, the service is subscription-based. Its three-
tier architeclure includes a Web browser-based client, an application 
Design Server, and a design-<lata Repo itory Server. It provides a 3D 
parametric, featllre-based solid modeler that supports design of parts 
and assemblies, as well as automated and associative generation of 2D 
engineering drawings. The ervice also upports Spatial's 3Dshare. 
com interoperability service described above. VlSil www:alibre.com. 
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PortG1ble , 1-
Measurements 
Attach the new WaveBook/516'" to your 
notebook PC for portable, 16-bit measurements 
up to 1 Msamples/s. Start with eight built-in 
channels, and easily expand up to 72, including 
direct-connect signal conditioning for strain 
gages, ICP"-style accelerometers, and more. 
WaveBook/516-
• Extemal clock input 
• Multichannel analog triggering 
• Digital-pattem triggering 
• Pulse-amplitude fit pulse-width triggering 
• Pre- fit post-trigger modes 
• In-vehicle bus option 
Included Out-of-the-Box" WaveView'" software 
converts your PC and the WaveBook/516 into 
a compact, multichannel waveform analyzer, 
streaming data to your PC's hard drive in real 
time. WindoWS- 95/98/2000/NT drivers, as well as 
LabVlEW and DASYLab· support, are also included. 
IOtech has been the undisputed leader in portable, 
notebook PC-based data acquisition for nearly a decade. 
Visit our Web site at 
www.wavebook.com 
and see why the 
WaveBook/516 is first in 
its class. For a demo or 
30-day evaluation, contact 
our sales department at 
1.888.805.3020 or 
sales@iotech.com. 
Out-d-tM-Box. WoveBookJS16, WavePon. {o WaveV_ an! tndemaru of IOtech.lnc. All oth"" .r. trademarts '" regIStered 
trad"",arts of tMtr respe<:tive holden. 000208 
www.wavebook.com 
WEB QUICK FIND #405* IOtech Inc. 
" . 
25971 Cannon Rd 
Cleveland OH 44146 
Fax 1.440.439.4093 
sales@iotech.com ,/ "" tech 
.-.~- CIRCLE 401 
WaveViewfM 
WavePort™ 
rugged model for 
field applications 
for II complete listin9 of IOtech worldwide 
sales offices, see www.lotech.com/sales.html 
_61 39S691366;_43 676 7083189; BelgIum 
31162 4n461; _SS 11 8532733; <:anado (905)8902010; CI*w 
86 1062119880; 0enmarI< 45 43 71 64 44; Cenual bnpe 
431 S4 515118: _ 35119.4761600; _ 331 l4S9 7878; ~
s~ 49 2462-99-19-0; SpoWo 49 7119.42-97-0; c;......, 
30 33176501; -.g K.ong 852-2833-9987; I .... 91~993; 
__ 65-<182-5600; Ivael9n.3-64U538; IQIy 3902 392 66S61; 
Japan 81 ~3279 onl; _ 82 2 538-4001; MoUysia 6Ol-778~2O; 
~ 311624n461; NewZeollond 64 9309 2464; Norway 
47-22·76-40-00: PonugaI349·1·S70-2737. ~ 6S-482.5600; South 
_27-11-254-8420; SpaIn 349-1·S7G-2737; Sweden 46-1l-:J5703O; 
Switurlond 411-802-2880; Taiwan 886 2 2797 3357; ThaIand 
6S 482-5600; United KIngdom 44 1296 397676 1.888.805.3020 
• For up to date inform.ttion on products, and to order 
online, ..... the IOtoch Web ~te and entl!f the 
QUICK FINO numbot. 
Temperature 
Strain 
Vibration 
Pressure 
You've Got Sensors, 
We've Got Solutions 
Attach your sensors directJy to 
IOtech's Out-of-the-80x'" data 
acquisition solutions for 
portable, lab, & stand-alone 
applications. Get signal 
conditioning, ND, & software -
all from one supplier. 
Browse a wide selection of 
solutions online, or call for your 
free Y2000 catalog & demo CD. 
www.iotech.com 
1.888.890.3011 
• for up ID _'-on procU:!l. on<! 
ID onIer ..-..... thO IOIoch w.b ... 
... 4. t"f" QUICJ(FlNO'~ 
CIRCLE 402 
Data Acquisition 
16-Bif Performance 
12-Bif Price! 
On-board supply for powering 
Two 76-bit, 700-kHz waveform- external signal conditioning & 
capable analog outputs expansion options 
Synchronous scanning 
of analog, digita~ 
& counter inputs 
up to 200 kHz 
Over 30 signal conditioning & 
options for direct me£ISUff'l'l'l8' 
thermocouples, RTDs, stroin gages, 
accelerometers, & much mare 
Up to four boards can be installed into one PC 
6 counter/timer channels 
40 digital I/O lines, expandable up to 208, / 
including isalation & relay closure options 
76-bit, 700-kHz digital pattern generator 
Pre- & past-triggering on analog, digita~ & digital pattern 
DaqVIeVI" software for 
Out-of-the-80x'" setup 
& instant operation 
Drivers for Wi~ 
9S/98/2000/NT, LabVlEW", 
TestPoint", & DASYLab" 
These astonishing features and value are the outcome of over 
15 years of developing data acquisition products, including 
signal conditioning and software. 
Visit our Web site at www.daqboard.com to learn more 
about the DaqBoard/2000'", and to place your order 
directly. Contact us today for your FREE Y2000 Catalog. 
www.daqboard.com 
WEB QUICK FIND # 404° 
bus 
mastering for 
continuous 
streaming 
of input & 
output data 
synchronously 
O tech 
'~ 
IOtech Inc. 
25971 Cannon Road 
Cleveland OH 44146 
Fax 1.440.439.4093 
sales@iotech.com 
• for up ID d;U Infonnorjcn ... procU:!l. and 
ID onIer -. villi thO IOIzd> w.b ... 
and ..... tho QUICk RND....-. 
1.888.890.0688 
CIRCLE 403 
~ San FI3DaICO CA. launched Supplybase un:e, an on-
manufi!c:ttmng madr.etplace that matches buyers and suppliers of 
CUIItom pans and usemblies an the automobVe, medical, and e1ec-
IJODic:s IIlIII'kets. InfOrmation on ml re than 80,000 upplier campa-
rues standarclized by commodity and 15 eentrallJ; hosted. t:sers can 
par.unetricaIly search the database by peciJic eritena such as technol-
ogy, captal eqUipment, agt"ncy cenification, design noices. and an-
dUSlJy. Buyers can request that their exi ring apprtKt--d uppliers be 
added to the upp1ybase database. l'sers can mitiate COnt.'lCl or follo\\ 
up WIth one or more suppliers by <'-mail, including standard r<'que t-
for-quote and e-mail form.VlSitww\\ . upplybasesouln.com. 
• 'tanufacturing Quole.wm LLC of Sm\nm, GA. pn'\lt'w("r! 
~lfgQuole.com. a wcb-based markt'lplace that connect' job ,hop' 
with companie purchasin~ cu,tOIl1 manuIhclUring S('n'ic~ . The '>t'-
curt' en;ce enable, companie< bll\ing manufacturing senicc~ 10 po. I 
a Request for Quotation (RFQ! b\ completing an online form and at-
taching a drawing. canned drawing, or CAD file. Job ,hop, that are 
members of MfgQuote.com can search for RFQ, thalll1eet their ex-
pertise and capacity, and can bid on the job by filling out an online 
quote submission fOlm, which is em directly to the buyer. The site 's 
Webs tore feature, a collection of software tools for mechanical de-
signers and manufacturers. Visit www.MfgQuote.com. 
More From the Floor 
Ilpn' an' more innovations from the NDES exhibit noor. 
• think3. anta Clala, CA, rolled 
OUt thinkdcsign 5.0, the newe~l \'cr-
sion of its flagship 3D design prod-
uct. Theoftware includes advanced 
'urface modeling functionality along 
with new, engineering-orienred fea-
ture for parametric solid modeling 
and illlegraled project managemenL More than 60 new feature and 
enhancementS have been added to improve designer productivity, 
Key areas include profiles and sketche', curves and surfaces, produc-
tion mold development functionality, solids and features, drafting 
and layout, product data management, and pholo-realistic rendering. 
VtSit www.thinkS.com. 
• Hewlelt-Packard, Palo AltO, CA, gave atlendee the op-
portunity 10 experience an HP VIS ALlIE Center, a fuUy 
immersive vi. ualization 1)V tern powered by three .:nchro-
nized HP V1 ALIZE workstations with VI UALIZE-fx6 
Pro graphics. A large-scale 3D tereographic di play creen 
from Panoram, and IJ taIE)e Wired eyewear from lere-
oGraphic , helped bring startling 3D realit), to HP' 10-
minute presentation. Viewers instinctively dodged tires and 
axles as a life-size model of a rdcing car spun out tOward 
the audience. The Cemer is dC!>igned to allow entire pro-
jecl teams, locally or globally, to immerse themselve. in 
their data for optimal product development and scientific 
visualization. With the lem, de ign leam can walk 
through life-size virtual vehicle, airplanes, and buildings; 
interact with the data; and resohe de ign problem in real 
time before ph} ical prototypes are built. Visil "ww.hp.com/ 
\isua1ize/products. 
Primavera Smems, Bala ~wvd, PA. announced Primavera Enter-
pnse • a scalable, WeMJased P"!lect-planning and scheduling ,ft-
ware apphcation that allows companies to plan and manage re-
sourc budgets, and costs at an enterpnse-wide leYel. The sofl\\are IS 
designed 10 imprO\'e tiffie.ro.market while neutralizing the ns~ of 
ne·w-product dC\'elopmenL It enables users to work on projecll in 
ml~tream and obtain histoncal and real-time data to help decide the 
furure of projects. It prmides ea5\ \\eb ace for all participants and 
allow each project to be evaluated IIldl\iduall, and III relation hip to 
olher projt'('\ and trategic initiatives. \ l~il W\\w.pnmavcra.com. 
• Bi/!1Biz.colll. Ininc. GA.. i, .1 hod- ~;;;~~~~~;~ 
;mntal collaborative and trading por- II 
tal for manufacllue". deign/'d to 
help companie, build their busi-
nes<c~ online. It prmide, manufac-
turers with a cenu-aJil. d location for 
all e-arch, ~upporl, collaboration, It:=::::::===:::1 
and transactions. The \'ertical pOltal 
feature· commerce site;, for bu}ing and selling; global auction~: global 
requests for quotes (RFQs) : de,ignhowcalCl> for developing, proto!),/>, 
ing, and analyzing; suppl ' chain center; virtual trade show, advertisi.ng, 
newsletter, and other marketing capabilities; and financial semces and 
career oppommi.ties. VISit www.biz2biz.com. 
• M e.Software, Costa Mesa, CA, demonstrated MSG.Patran running 
on the Linux operating system. MSC.Patran provides a complete envi-
ronment for companie performing simulation of mechanical prod-
ucts. Tbe Linux version will be available later this year, taking advan-
tage of Pentium TIl and Pemium ill Xeon processors. MSe.Patran 
supportS all leading CAD and analysis software programs, including 
MSe. astran. VISit www.mscsoftware.com. 
• Demonstrations of the late I engineering tools from Algor, Inc., 
PittSburgh, PA, included FEA-based Accupak/VE Mechanical Event 
Simulation software, as well as the f!lCAD family of products. InCAD 
provides seamle GAD/CAE imeroperability to capture exact part or 
assembly geometry \\ithout file tranlation. 1t works with the leading 
Windows-based CAD solid modelers, and links to Algor's entire line 
of analysis tools, including ~fechanical Evem imulation. Also demon-
strated was the Inertial Load Transfer Ex-
tender that lets engineers simulate dy-
namic beha\ior, calculate inertial loads at 
each node, and perform a linear or non-
linear static srr anal) is usingjusl one 
finite element model to detennine 
rresse . VISit ",,"w.algoa:com. 
• Hirschmann Automated. 'et\\'ork Solutions 
Group, Pine Brook,!'V, has added Ethernel au-
tomation networking products to its industrial line 
"ith a series of Fasl Ethernet lOO-Mb/ switches, 
rail hubs, and rail transceivers. Able to be assem-
bled on DIN rails, the products incorporate re-
dundanC\' mechanisms mat prevem failures. The dC\ices are im-
penious to EM.!, din, temperature fluctuations of as much as 60 
°e, and mechanical loads. lSit www.hirschmann-usa.com. 
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• DuPont Perfonnance LubricanUi. Deepwater. /I{j, displayed 
f1uoroguard N • a colllrie . odorless. and chemicallv inen poly-
mer addithe based 011 fluorinated S\l1thetic oil. It is designed 
for use in gears. bushin~. weather ;tripping, ()-rings. seal , 
and polymer I1Ims. It intemally lubricates to improve flow 
properties, lUlifOlm mi.,;ng of ingredients, and product gloss. 
The multifunctional pol\111er additive is a perfluoropolvether 
(PFPE) a\'ailable in one-gallon bottles and five-g-allon pails. 
Vi. it www.duponl.com . fluoroguard. 
• The new Linear Ball Transfer Bear-
ing~ from Thomson Industries, Pon 
Washington, NY, utilizes the company's patented segment bearing 
technology. Usable as a rack support bearing for either a power or 
a manual steering gear, the self-aligning bearing sup pons the steer-
ing rack again t pre ure from the pinion and eliminate stick-slip. 
It has roll, pitch, and yaw capabHities, and a profile as low as 0.5m., 
pro,~ding space savings over traditional roUing contact bearings: lUi 
load capacity exceeds 500 Ibf for 2 million inches of travel, and Its 
reduction of friction by as much as 100 times compared to conven-
tional technology translates into reduced power requirements. 
Visit www.thomsonindustries.com. 
• SolidWorks Corp., Concord, MA, demonstrated SolidWorks 
2000, the latest release of the Windows-native, 3D mechanical de-
sign software. This version offers more than 150 customer-driven 
enhancemenUi, including improved file management, large-draw-
ing performance, large-assembly development, ease-of-use, model-
ing, surfacing, and drawing productivity. Each license of Sohd-
Works 2000 includes SolidWorks Explorer, a free file-management 
tool that automates operations such as copying, renaming, and 
managing custom properties for SoJidWorks files. New assembly-
design features include Dynamic Clearance, which displays in real 
time me distance between two moving componenUi. As me pans 
move, a ilimension automatically appears indicating the mininmm 
distance between two components. VlSit www.solidworks.com. 
• CADKEY Corp., Marlborough, MA, previewed Paran1etrics for 
CAD KEY 99, which integrates parametric definition and editing of di-
mension-driven olid models into CADKEY. The product provides yet 
anomer tool within CADKEY's line of solids, surfacing, and 2D/3D 
wireframe. The next m,yor release of the flagship product, CADKEY 
20, was pl'eviewed to me company's current users, and i scheduled 
for release by the end of tl1is summer. According to the company, it. 
involves a complete re-write of the pan file format, as well as re-archl-
tecting the application's database. Visit www.cadkey.com. 
• lid Edge Version 3D me-
chanical CAD software from ni-
grapbi Solutions. Huntsville, AL. 
features new large-assembly de ign 
tools. modeling functions, and 
drafting capabilitie . It facilitates 20-t0-3D migration :--ith. imp~ 
tools for importing legacy 2D data, and nl''' 2D drafung fi.mcuons 
tltat mimic sinlllar functions in popular 2D CAD 5\. tern. The release 
marks the debut of gniti,'e Assembly Design technologies, which 
enbance assembly design bv embedding higher levels of assemblv i~­
teUigence \\~ thin models, and by providing detailed feedback to guide 
the de ign process. Vi it www.solid-edge.com . 
• Lucenl Technologies, Avon, cr, demon trated irs new 
FiherWire, a rugged indusui al optical fiber communications 
cable system designed to supplant copper \\~re and coaxial 
cable on me factory floor. [t can operate in the ind ustrial 
temperature range of 40 to +85 ·C, and is immune to EMI 
and RFI. Its "crimp and cleave" kit permi ts tennination and 
connection in tl1e plan t or field in three minutes, wi thout 
adhesives, polishing disks, or solvents. Visit w\\'W.fiber-
,vire.com. 
• Penn Engineering & Manufacturing 
Corp., Danboro. PA, introduced four new 
fasteners. The PEMs Type PIT" panel fas-
tener thumbscrews are metal-and-plastic 
HYBRID~ panel fasteners that feature stainless-steellhreads with in-
ternal six-lobe drive molded into a black ABS plastic cap. PEMs Type 
SMPS" tainless steel self-dinching nuts can be mounted in extremely 
thin heelS of 0.025". PEM" Type SL" TRl-DE self<linching 
threaded teellocknuts provide permanent load-bearing threads in 
aluminum or steel sheets as tllln as 0.040". PEM" Type HFED'" self-
clincl1ing dog point studs enable attachment of steel or aluminum 
sheets as min as 0.040". Visit www.pemnel.com. 
• Parker Pneutronics Division, Cleveland, OH, displayed 
the X-Valve, which it calls the world's smallest valve. Measur-
ing 8 mm in width, the two-position, three-way iligital valve 
reduce system size, increases reliability, and has short re-
spon e time. Its body incorporates all of the functional fea-
lures in a ingle glass-reinforced PBT-molded body, a design 
Parker says allows it to hamlle flow rates far in excess of 
other miniature solenoid valves in its class, at pressures from 
0-30 psig. VlSit www.parker.com . 
Thi~ year's show also featured the Rapid ProlOtyping 
Pavilion. which included prodll('t<; ranging from CA.M and 
rewl'S{" engineering software. to the latest in desktop part .. 
"printers" and molding equipment. For detailed covemgc 
of this special pavilion. \i<;it Rapid Product Dewlopment 
Online. Iv'·t\'.-1 Tech Briefs ' digital publication that covers 
tooL .. and techniques for creating better product" faster. 
at www.mpidproducts.net. 
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he top of the John Hancock Center 1ft 
Chicago was the setting for the presenta-
tion of the 1999 lV,-1.5.4 Tt'f/t BriPf5 Readers' 
Choice Product of the 'year wards. The futh an-
nual awards were YOted on by XASA Tt'f/t Bri1! 
readel ,who cast their votes for the Gold, ilver, 
and Bronze award winners. ' ine other Product 
of the Year Finalists were pre 'ented "'1th awards. 
All 12 nominee had receh'ed Product of the 
Month honors during 1999. 
Each month. j<l,SA Tt'f/i Briefs editors choose a 
Product of the Month - the one product they 
feel exhibits exceptional technical meri t and 
practical value. In the December issue, readers 
are im~ted to vote for the one product of those 
hi hlighted during the year that repre ents the 
most innovative product introduced to the engi-
neering community. The product receiving the 
most votes wins the Gold award, and is named 
Product of the Year. 
The 1999 Readers' Choice Product of the 
Year Gold winner was CoBrain emantic knowl-
edge processing software from Invention Ma-
chine Corp. of Bo ton, MA. The award \vas ac-
cepted by Phil George, Invention Machine's ~ce 
president of worldwide marketing. CoBrain al-
lows users to mantically process large numbers 
of electronic documents from internal and ex-
ternal sources, including research reports, 
patents, conference proceedings, and technical 
joumals. It extracts and presents an index of 
technical documents di played in a problem~ 
lution fOlmaL (www.invention-machine.com) 
The Silver Award went to Spatial of Boulder, 
CO, for its 3DmodeJserver.com web-based model 
repair and translation emce. The service has 
ince be renamed 3Dshare.com, part of the com-
pany's PlanetCAD semce (see "e-Innovations 
Take Center Stage" on page 24). Michael 
Hansen, VP of PlanetCAD site production, ac-
cepted the award. (www.spatial .com) 
CrystalEye Wired 3D stereoscopic eyewear 
was the Bronze Award-winning product from 
tereoGraphi Corp. of San Rafael, CA Ian 
Matthew, product marketing manager, accepted 
the award for the eyewear, which is designed for 
CAD, mechanical design, and scientific profes-
sionals who work with complex 3D images. 
(www.stereographics.com) 
The foUowing companie were honored as 
Product of the Year Finalists: 
• GI (Mountain View, CA) for the 320/ 540 
Windows NT muaJ workstations 
(www.gi.com); 
• VLSionary De ign Systems ( anta Clara, CA) for 
lronCAD Version 2 mechanical engineering 
software (www.ironcad.com); 
• Hewleu-Packard (Palo Alto, CA) for the 
HPI6600 / 16700A web-enabled logic analyz-
ers (www.hp.com); 
• ESDU International (Englewood, CO) for the 
ESDU engineering database (www.esdu.com); 
• Parker Hartnifffi (Minneapolis, MN) for the 
Spectrum Series plastic couplings 
(www.parker.com); 
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• Endevco Corp. (Sanjuan Capl trano. CAl fOl 
the OASI 2000 sensor interface,., tern 
<_endevco.com); , 
• Wolfram Research (Champaign. IL) for Malill'-
matica 4 technical computing software 
(www.wolfram.com) ; 
• Gage Applied Sciences (South Burlington . \T) 
for the CompuScope 1602 PC! scope card 
(www.gage-applied.com) ; and 
• Compaq Com pUler Corp. (Hou. ton, TX) 
for the Deskpro AP240 workstations 
(www.compaq.com) 
All readers who submitted ballots in the Prod-
uct of the Year contest were placed in a random 
drawing to win valuable pdze donated by last 
year's winners and nominees. Congratulations to 
these NASA Tech Briefs readers: 
• Anthony Pizzi russo ofMPD Technologies in 
Hauppauge, NY, winner of InCADPlus 
Mech/ MVE, Mechanical Event Simulation and 
multiphysics software that works inside CAD, 
from Algor, Inc. , Pittsburgh, PA 
(www.a1gor.com). The InCAD technology 
seamlessly captures solid parts and assemblies 
from CAD solid modelers for analysis using 
Algor's FEA and Mechanical Event Simulation 
software. 
• Andy Pandian of Daimler hrysler Corp. in 
Detroit, Ml, winner of Lab VIEW graphical in-
trumentation software from 'ational Instru-
ments, Austin, TX (www.ni.com). LabVlEW, 
1998 Product of the Year, allows users to create 
programs using block diagram instead of stan-
dard text code, and to use dle program to 
control instruments and acquire electrical ig-
nals to measure temperature, pressure, and 
other phenomena. 
NASA Tech Briefs thanks Algor, Inc. and a-
tional Instruments for their generolls contribu-
tions of software produCts. 
www.nasatech.com 
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Microway Delivers Custom 
Workstat-ons and Beowu f Cluste s 
for Hig Performa ce Tech ical Comput-ng. 
Which Solution is Right for You? 
• 750 MHz Dual Alpha UP2000 or 21264Dp 
• 800 MHz Pentium m or Quad Xeon 
• 850 MHz AMD Athlon 
• Beowulf Cluster 
Distributed Memory Parallel Processing 
• Myrinet Gigabit Ethernet 
Microwoy Screamer™ 
Dual Alpha UP2000 
750 MHz, 8M8 Carne in RuggedRack ™ 
Chassis with Redundant Power Supply 
High Speed, Low Latency Backplanes 
• RAID 
Microway 1 B Node 
36 Processor, Duo Pentium III 
Beowulf Ouster with Myrinet and MPI 
Satisfied customers have purchased Microway work-
stations since 1986. Our cost effective Linux solutions have 
been chosen by universities, government research labs and ISPs worldwide since 1996. 
Over the years Microway brand systems have become famous for their quality and 
price/performance. Simultaneously, our Technical Support staff earned a reputation as one 
of the best in the industry. This means you can count on our experience to configure a 
UNIX or NT workstation or Linux Beowulf cluster solution that is ideally suited to your 
specific problem. This is why Microway was chosen by Los Alamos National Laboratory to 
maintain the hardware on their 144-node Alpha Avalon cluster. It is also -
why the University of Wisconsin chose Microway to build their 100-node 
dual Pentium III cluster. In addition to being an Intel Product Developer 
and AMD Athlon OEM, Microway was named Alpha Processor, Inc.'s Top North American 
Channel Partner for 1999. 
"To find a successful supplier of Linux solutions there are three things that you should 
know: One, the supplier must be proficient in Linux, a master of understanding 
Linux's superioritiesi Two, the supplier must have a clear passion for hardware tech-
nologYi Three, if you found a supplier that knows both Linux and understands hard-
ware solutions, congratulations you have found Microway! When it comes to Linux 
and high performance, there's only one way, and that's Microway!" 
- Bruce Faust, founder of DigitalScape and Carrera Computers 
Microway custom configures Linux, NT and U IX workstations, clusters and servers plus state 
of the art RAID systems. If you need a quality product that is built to last, from a company that 
will be around to support you for years to come, Microway is The Number One Choice. 
Find out why over 75% of Microway's sales come from 
repeat customers. Please call 508-746-7341 for a technical 
salesperson who speaks your language! 
Visit us at microway.com 
® 
Technology You Can Count On Research Pork Box 79, Kingston, MA 02364 
508-746-7341 • infa@micraway.com For More Information Circle No. 568 
w Spacesuit Concept Designed 
With Solid Imaging 
SlA 500'" t reolithogrnphy m 
3D Systems 
Vi cl CA 
805-295-5600 
www.3d!~tenlS.com 
Hamilton undstrand pace ,stem International in 
Wind,or Locks, CT, recenth built for ;-..: A a wearable mockup 
of a new spacesuit concept for :'.Lu a:.u·onauts. The ;\,lars space 
suit design i~ an e'Xtension of IIamilton undstrand's primary 
busine's, which is producing life-support equipmellt for pace-
craft and submarine. The compam currentlY supplie life-sup-
pon equipment for Ul(' International pace tation, and i the 
prime contractor for the E~1U (Extnl\'ehiculal ~lobilil.\ Unit) 
pace suit used whenever astronauts go out~ide the shuttle. 
3D Sy'tem,' solid imaging technology literally builds a plns-
ical prototype - layer by ultra-thin layer - using a liquid 
epox, plastic that i hardened by a laser to precise CAD-gen-
erated specifications. In many case, 3D parts are fabricated 
full size. If a part i toO large for the machine, a scale model 
can be made, or a large part can be made from several smaller 
parts that are then fit together. 
U ing the SLA 500 s> tem, Hamilton undstrand was able to 
produce a wearable -hard upper torso K - essentially a torso 
without limbs and head. Their new geometry absolutel}' had to 
.~oftware Simulates NASA's 
Hypersonic Flight Systems 
ADAMS m chan1ca1 system simulation oftware 
Mechanical Dynami 
Ann Arbor, MI 
313-994-8800 
www.dams.com 
ASA's Hyper-X hypersonic night and ground test program 
seeks to demonstrate key enabling technologies, including 
an airframe-integrated, air-breathing engine. Anal) tical 
~lechanics As ociates (:\"\1A) of Hampton, VA, i a 'ASA 
Hyper-X partner that prO\;de expertise in problem-solving 
with mathematical modeling and immersive engineering tool 
development. :\"\1A used ADA...\1 to simulate problems associ-
ated \\;th .,tage separation of the Hyper-X vehicle from the 
Pega~ll~ rocket boo ter. 
An ADA.\I') model of the separation mechani ms, including 
the ejector pistons, Peg-asus boo ler, adapter, and H"per-X tet 
vehicle I\"dl> created b) A_\1A. Aerodynamic force data were 
applied as a multi-dimensional spline, which was generated 
from \\;nd tunnel data taken oler yarious po itions and orien-
tations of the test vehicle. 
The ADA\-! model \\'as parameterized to allow quick turn-
around of change5. ;\,1ore than 50 parameters were set up as 
ADAMS valiables, allowing the model to be mechanized to 
hal'e a 3D working model to prole that the design would work. 
A full-size model wa built frolll four ecdons that were glued 
together. Standard arm , legs. and a helmet bubble were put 
on it, an air supply was attached, and one of the firn1 's engi-
neers I\'al> plll inside to walk around in a clo~ed-loop life sup-
port system. 
Onl) two iterations were required to get an acceptable 
upper torso. The suit wa~ produced in onlv a malleI' of 
months, rather than years. The solid imaging system allowed 
Hamilton Sundstrand - and NASA - to sal'e money and 
improl'e qualit), as well. 
For More Information Circle No. 750 
uppon batch simulation. ~10nte Carlo analysis \\'as performed 
with ADA.\I lIsing random variable value for the parameter.,. 
An GI RIOOOO 12-processor machine wa u ed, nmning eight 
copie of ,.l,DA .. \1 . Each case was checked for proper clearance 
during epa ration and acceptable recovery from the epara-
tion upset. The separation of the Hvper-X and the Pegasu 
boo ter takes about 400 milli econds - the approximate time 
it take to blink an eye. 
Experimental hyper onie flver currentl) are under delel-
opment at , 'A A' Dryden Flight Research Center in 
Edward, CA, and at ~ASA' Langley Research Center in 
Hampton, V . The H}per-X lehicle is 12 feet long, 5 feet 
wide , and weighs 3,000 pound . The combined Peg-a us rock-
et and Hyper-X are launched from under the wing of a J ASA 
Dryden 8-52 jet. 
For More Information Circle No. 751 
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Thats right: we've take portable data acquisition to a 
whole nevv level. The DEWE-3OJO and DEWE-2010 
completely redefine what a data acquisition system 
should be. Not just portable a rugged, but also open-
arr:hitecture, so you can upgrade the hardware and 
software long into the future. With modular signal 
conditioners you can mix and match to create your ovvn 
system with dozens of fast channels and up to 2048 
slow/temperature channels! 
OEWE·30 I 0 Ultra-portable 
complete system 
STD-810 ShockNib* 
Includes DEWEScopet Software 
• Plug-in DEWE-MODULES 
• Front-ends for any AID card 
• Complete stand-alone systems 
Our DEWEScope+® software makes setup and 
recording easier than ever. Want to use DASYLab® or 
LabVIEW®7 No problem - our open-architecture 
platform runs them all (and more) without a hitch. 
Trigger and capture effortlessly to disk at rates up to 
1.25 MHz. With plug-in modules for direct connection 
of every sensor - DC and AC strain gages, charge and 
ICP® accelerometers, microvolts to kilovolts, RTDS and 
therm<;>couples (9 types), LVDTS, string pots, RPM and 
TACH signals from engines and turbines, and more. 
With 1 OOOV isolation, exceptionally low noise, and 
multiple range/filter selections in each plug-in module! 
Dewetron builds rack-mounted and portable systems 
for a wide variety of applications in the automotive, 
aerospace, industrial, process control. research, 
chemical. medical research, and other industries. 
Find out what so many others have already 
discovered-for a no-obligation demo, please contact 
us today at 1-401-782-3866. visit our website. or send 
an email to: justdewit3dewamerica.com 
AMERICA • AUSTRIA· BELGIUM • GERMANY · NETHERLANDS • SLOVENIA • THE CZECH REPUBLIC · THE U.K. 
Afl trademadis acknowledged as the properties of their ownem. • Certain COROM drives do not meet MIL ·sm specifications 
For More InformatJon Cln:le No. 5)3 
~ ~ Commercialization Opportunities 
Self-Temperature-Compensated 
Ceramic Strain Gauges 
These gauge are intended for use at 
temperatures from room to 1,200 °C and 
require no external temperature--compen-
sation circuits. 
(See page 39.) 
"Set and Hold With Power Of£,' 
Cryogenic Actuators 
These actuators would hold their posi-
tion when power i not applied, by virtue 
of the persistent current flowing cirum-
ferentially in the high-temperature-su-
perconductor cylinder. 
(See page 39.) 
Electrobiotic Toxic-Agent Sensors 
Sensors have been proposed for de-
tecting toxic substances in a variety of 
environments; e.g., mining, battlefield, 
heavy industry, and other potentially 
toxic areas. 
(See page 41.) 
Submillimeter-Sized Bi2_.8bx 
Thermoelectric Devices 
Electrochemical depo ition is the key 
to mass-producibility here. This ap-
proach promi es to fulfill the need for 
mall thermoelectric device to provide 
active pot cooling for circuits with 
ever-increasing packaging and power 
den ities. 
(See page 44.) 
Instrument Measures 
Fluorescence From Chlorophyll 
in Plants 
This instrument, a remote pas ive 
monitor, can provide early warning on 
plants under stress. Horticulturists and 
farmers can then apply fertilizers, 
water, and/or pesticide to re cue valu-
able plants and crop . 
(See page 48.) 
nstant 
RTM-Processable Resin 
Containing Thermosetting 
Plasticizers 
eyeral pia ticizer are identified as 
promising candidates for use in re in-
transfer molding of composite material 
parts. The e parts are intended for air-
craft engines and other structures that 
have to withstand temperature up to 
about 300°C. 
(See page 56.) 
Aerogels With Gradients 
of Density 
Depending on the intended appli-
cation, the gradient of density can be 
tailored to obtain the desired optical 
or acou tical attenuation or index of 
refraction, permittivity, thermal con-
ductivity, and other properties of in-
terest. 
(See page 59.) 
FOR TORQUE AND FORCE MEASUREMENT SOLUTIONS 
32 
Constants are important in mathematics 
to discern quantitative and qualitative 
differences. Companies can be measured 
by similar values. Lebow Products has a long 
and successful history for delivering torque 
and force measurement solutions-from 
initial R&D through production processes. 
Our versatility is proven with an 8,000 sensor 
design library, and development of exciting 
new products is a testimonial that we're as 
committed today as we were back in 1955. 
1-800-803-1164 
www.lebowproduds.com 
Lebow Products Inc. 
1 n8 Maplelawn Drive 
Troy. Michigan 48084 
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Solid Edge Users Are First: First To Complete Their Models, First To Market 
And First To Earn A Positive ROI. Independent Benchmarks Prove It. 
NEED A POWERFUL WINDOWS SOLID MODELER? NEED IT TO BE AFFORDABLE AND 
EASY TO USE? INDEPENDENT BENCHMARKS PROVE SOLID EDGE USERS FINISH FIRST. 
The Solid Edge interface is easier to Powerful features maximize your 
learn and use. Try it and see ~_~ ____ ---i 
the difference. ..... ... -..... 
productivity: robust solid 
modeling, best-in-class 
assembly modeling, 
integrated document and 
revision management, 
industry-leading drafting 
tools and photo-realistic 
Inference logic 
automates design 
processes and decision 
management tools 
speed problem solving. 
Process-
specific 
features for 
machinery, plastics, 
sheet metal and tubing design give 
you an unbeatable Edge. 
rendering. 
FREE Software: Solid 
Edge Origin is fully parametric 
20 drafting and sketching software 
with basic 3D tools. It's more powerful 
than AutoCAO and absolutely FREE. Order 
over the web or by phone. 
Be First. Insist on Solid Edge. 
www.solid-edge.com1-800-807-2200 
Unill'aphicl 
Solu/ions SOLID EDGE ....... 
Unigaphia ~ u~ Solid Edge. oMAN. ParasoIid and I'reIIictM ~ are lIademartts Of regI5Iered 1Jademarb of Unqaphics Solutions. COI¥9rt 02<XXl Unqaphics Solutions. All rqns I15eM'd. All 0Iher marks boIang In 
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-$ Special Coverage: Sensors 
• On-Chip Correction for Defective Pixels in an Image Sensor 
Readouts from nearest neighbors could be substituted for defective pixels. 
Lyndon B. Johnson Space Center, Houston, Texas 
A method of correcting for defective 
pixels in an integrated-circuit image sen-
sor of the active-pixel sen or (AP ) type 
has been proposed. The corrections 
would be made by additional readout 
circuitry on the image-sensor chip. By 
making it unnecessary to discard sensor 
chips that contain limited numbers of 
cattered defects, the method would in-
crease effective production yields and 
thereby lower the costs of individual 
image sensors. 
Two issues arise in trying to correct 
for defective pixels: how to store infor-
mation on the locations of the e pixels 
and how to process pixel outputs in the 
readout process. Because most of the 
area of an image-sensor chip is occupied 
by the array of pixels, there is little room 
for circuitry for storing addresses of de-
fective pixels. Accordingly, the coordi-
nates of any defective pixels and of any 
defective entire row or columns of pix-
els would be stored in several registers 
(see figure), the number of registers 
being based on a practical upper bound 
on the number of pixels, rows, or 
columns likely to be defective. In the ini-
tial proposed design, there would be 
four such registers, and they would be 
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embedded in the on-chip timing and 
control circuitry. 
The et of register would function in 
the manner of a content-addre able 
memory. During readout, the current 
rowand/ or column address would be 
applied to this memory and a flag 
would be generated if the curren t ad-
dres matched the stored addre s, igni-
fying that the current pixel, row, or col-
umn is defective. 
The method admits of alternative de-
signs corresponding to alternative ways 
to respond to a "defect" flag. The sim-
plest approach is to design tlle readout 
control logic circuit to simply skip an en-
tire row tllat con tains even one bad pixel, 
skip an entire bad colUffUl, and incre-
ment to tlle next row or column. In this 
approach, it would suffice to store only 
the row address of a single bad pixel. 
Another approach wouJd involve ub-
stituring, for each defective pixel, the av-
erage of readouts from the eight sur-
rounding pixels. This approach wouJd 
be less practical or attractive for on-chip 
implementation because it would neces-
si tate more circuitry occupying more 
chip area. The additional circuitry 
would be necessary for storing informa-
Defective Pixels 
~ 
tion from three row at a time (the pre-
viou row, the current row, and the next 
row to be read out) plus processing of 
information from three rows and 
columns at a time. 
A more practical approach would in-
volve replacing the output from a dead 
pixel with a copy of the output from a 
neighboring pixel that was read out pre-
viously. The copy could be obtained by 
u e of a simple single-pixel delay line. 
An essential step in this method wouJd 
be a procedure for testing to locate de-
fective pixels, rows, and columns and for 
writing the addresses of these pixels, 
rows, and columns in the register. In 
the first generation of image ensor de-
signed according to this method, the 
testing and the programming of regis-
ters would probably be performed man-
ually. Eventually, it should be possible to 
add automatic testing and programming 
circuitry to the chips. 
This wark was done Uy Nick Doudoum-
opoulos, Rnger Panicacci, and Eric H. Fossum 
of Plwtobit fM Johnson Space Center. For 
further information, access the Technical 
Support Package (TSP) free on-line at www. 
nasatech.com under the Electronic Compo-
nents and Systems category. MSC-22827 
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Registers Functioning as Content-Addressable Memories would store the row and column coordinates of defective pixels. As many as four addresses, each 
10 bits wide. could be stored for identifying defective individual pixels or defective entire rows or columns of pixels. 
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o Surface Micromachined Silicon Carbide Accelerometers 
These accelerometers could be valuable for diagnosis of engines. 
John H. Glenn Research Center, Cleveland, Ohio 
Surface micromachined silicon car-
bide accelerometers are undergoing de-
velopment for eventual use in high-tem-
perature environments like tho e inside 
turbine, intemal-combustion engines, 
and other machines. These accelerome-
ters would be used to measure vibrations 
indicative of deterioration of mechani-
cal components; as such, they would be 
valuable diagnostic tool that could give 
advance warnings of failures or for the 
need to perform maintenance. They 
would even be small enough to fit into 
turbine blades. 
Like imiJar accelerometers micro-
machined out of silicon, surface micro-
machined silicon carbide accelerome-
ters are based on the concept of 
displacements of proof masses sus-
pended on springs and they include 
electrodes for (1) capacitive sensing of 
displacements of proof masses and (2) 
electrostatic feedback for centering and 
for nulling displacements caused by rel-
atively steady forces like those caused by 
gravitation and centripetal accelera-
tion. The figure depicts an experimen-
tal surface micromachined silicon car-
bide accelerometer 
in which the proof 
mass (also called 
the "sh uttle") is sus-
pended at opposite 
end by springs in 
the form of folded 
beams (pair of 
beams joined at 
trusses). At each 
end, the outer two 
beam are attached 
to a ub trate at 
four anchor loca-
tions. 
The particular 
folded-beam struc-
ture offers low tiff-
n (and thus high 
en ilivity to accel-
eration) along both 
direction perpen-
dicular to the 
nominal longitudi-
nal axe of the 
beams and high 
stiffne (and thu 
lawen itivity to 
acceleration) par-
allel to the nomi-
nal longitudinal 
ter of thi or a imilar configuration 
were to be used to measure turbine-
blade vibrations, tllen it would be 
mounted with the nominal longitudi-
nal axi oriented in the radial direc-
tion to minimize the unde ired re-
span e to centripetal acceleration. 
The folded-beam structure also helps 
to minimize the unde ired differen-
tial thermal expan ion between the 
ubstrate and the shuttle. 
Electrode for capacitive ensing of 
displacement and electrostatic actua-
tion of the shuttle are located along 
the side of me shuttle; two sets of 
the e electrodes are on the shuttle and 
are interdigitated with adjacent sets of 
electrode on the substrate. The gaps 
between the shuttle and the proximate 
substrate electrodes are typically 1 (lm 
wide. and the electrode fingers are typ-
ically between 10 and 50 pm long. Inas-
much as capacitance between the sub-
trate end shuttle is inversely 
proportional to the gap for small di -
placements. max.imum sensitivity re-
quires minimum gap. On the other 
hand. the gap must be made large 
enough to prevent touching of the sub-
trate and shuttle electrodes at extreme 
ex.cursion of the shuttle. 
The main advantage of the Wcon car-
bide accelerometers over j(jcon one is 
the ability of any corre ponding elec-
tronics (e.g., capacitance ensing cir-
cuits) to function at higher tempera-
ture : Whereas ilicon devices must 
generally be maintained at temperatures 
below 250 ·C, ilicon carbide devices can 
function at temperatures as high as 600 
·C. Like ilicon device , silicon carbide 
devices can be fabricated inexpen iveJy 
in batches with a high degree of re-
peatability. 
This wurk was done 17)' RusseU G. DeAnna 
of the U. S. Army Research Laburalory fur 
Glenn Research Center. F011urther infur-
mation, access the Technical Suppurt Packoge 
(TSP) free on-line at www.na.satech.com 
under the Mechanics category. 
Inquiries concerning righl.s fur the commer-
cial use of this invention should be addressed 
to NASA Glenn Research Center; Commercial 
Technology Office, Attn: Steve Fedor, Mail 
Stt1J 4-8, 21000 Brookpark Road, Cleve-
land, Ohio 44135. Refer to LEW-17002. 
axe of the beam. This Scanning Electron Micrograph shows the main stationary and moving components of an experimental surface microma-
If an accelerome- chined silicon carbide accelerometer. 
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@ Software for Predicting Behavior of a Pyrotechnic Actuator 
This software has remedied conceptual errors in some prior design models. 
John H. Glenn Research Center; Cleveland, Ohio 
A theoretical model that predicts the 
time-dependent behavior of a pyrotech-
nically actuated mechanism and a com-
puter program that implements the 
model have been developed. The model 
and program are especially applicable to 
a pyrotechnic device known as the ASA 
tandard lnitiator ( I). Before thi 
model and program were developed, the 
only principle that guided the de ign of 
pyrotechnically actuated mechanisms 
were tho e derived through empirici m. 
The theoretical model include (1) 
equation of conservation of mass, mo-
mentum, and energy, (2) equation of 
state, (3) equations of reaction kinetic , 
and (4) the assumption that there are 
no patial variation in the relevant phys-
ical and chemical quantitie (the "well 
tirred reactor" assumption). The com-
puter program that olve the model 
equations i written in FORTRAN 77. 
Thi program require the use of two 
other program , known as "CET " and 
"Chemkin," that are tandard for calcu-
lations of the type in que tion. 
The program has been found to pre-
dict accurately (as determined by com-
parison with experimental observation) 
the pre ure hi tory of an I firing into 
a pin-puller device, a clo ed ve el that 
has a volume of lO em', and an apparatus 
called the "Dynamic Te t Device." The 
program has also remedied several con-
ceptual errors in prior de ign models. 
This llKlTk was done by joseph M. Powers 
and Keith A. Gonthier of the University of 
otre Dame fur Glenn Research Center. 
Fur further information, access the Technical 
Support Package (T:P) free on-line at 
www.nasatech.com under the Physical 
ciences category. 
Inquiries concerning rights fur the commer-
cial use of this invention should be addres ed 
to :ASA Glenn Research Center; Commercial 
Technology Office, Attn: Steve Fedor, Mail 
Stop 4-8, 21000 Brookpam Road, Cleve-
land, Ohio 44135. Refer to LEW-16869. 
@ Dither Sensing for Controlling a Segmented-Mirror Telescope 
Images of distant point sources are processed to obtain wavefront-correction control signals. 
Marshall Space Flight Center, Alabama 
Image-plane multidither sen ing ha 
been found to be uitable for adaptive 
wavefront correction in a large tele-
scope in which the main optic is a pre-
cise reflector divided into lightweight, 
controllably actuated segments. In 
image-plane multidither sensing, the 
telescope i aimed at a star or other dis-
tant point source and image data are 
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recorded a each egment in turn i 
dithered slightly about a nominal posi-
tion and orientation. The image data 
are proce ed into actuator-control sig-
nals for adjusting the nominal egment 
po itions and orientation to obtain 
the desired wavefront correction. 
For tllis method to be effective, the 
tele cope system must be qua i-static in 
the sen e that any mechanical and op-
tical disturbances in the system must be 
characterized by times appreciably 
longer than the time needed to com-
plete the corrective cycle of dither and 
measurements, processing of mea ure-
ment data, and controlled actuation. 
The po ition and orientation error of 
each egment, and the corresponding 
tran lational and rotational di place-
ments needed to effect correction, are 
called "piston" (imple translation 
along the line of sight) and "tilt" (an-
gular displacements about two axe 
perpendicular to the line of ight). The 
tilt-correction procedure is based on 
geometric optics and can be per-
formed at any time. However, the pis-
ton-correction procedure i based 
partly on phase coherence; therefore, 
in practice, the tilt correction must be 
made first to provide the coherence 
needed for the piston correction. 
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In the tilt-correction procedure, a 
egment is dithered in tilt and initial 
and final images are recorded. Al-
though the image plane can be clut-
tered with ubimage from multiple 
segments, the sub image of all other 
egments can be up pre ed and the 
displacement of the egment in que -
tion tracked by ubtracting the initial 
image from the final image and fmding 
the centroid of the difference image. 
Subtraction and centroiding are com-
mon operation in image proces ing, 
and circuit boards that perform the e 
operations are commercially available . 
The angular displacement of the 
dither should be at least twice the dif-
fractive size (wavelength .;- aperture 
width) ofa egment to enable clear dif-
ferentiation of the initial and final im-
ages. Once the centroid ha been lo-
cated, the segment of interest is tilted 
to move the sub image cast by tllat seg-
ment to the de ired location, which i 
ordinarily the center of the image 
plane. This procedure is repeated for 
each segment in turn, until all have 
been thus corrected in tilt. 
In comparison with tilt corrections, 
piston corrections are more difficult. 
The piston measurement for each seg-
ment is a measurement of the respon e 
of the speckle pattern to a small dither 
of that segment. There are several al-
ternative piston-correction procedures, 
each ba ed on a different combination 
of (1) a quantitative measure of the 
speckle pattern and (2) determining 
the signs and magnitudes of piston dis-
placements needed to correct the 
speckle pattern according to the quan-
titative measure. 
To the extent to which the piston-
correction procedures are based on 
phase coherence, they are subject to 
the in teger-m ul tiple-of-21t-radians 
phase ambiguity at a given wavelength . 
Measurements can be performed at 
multiple wavelengths to re olve this 
ambiguity; alternatively, one could use 
broadband light from a stellar source, 
although this can entail complications 
at large displacements. The u e of Ie -
accurate electronic or mechanical 
edge sensor might be a more-practical 
solution. 
This work was done by Glenn W Zeiders of 
The Sirius Group fM Marshall Space Flight 
Center. FM further infarmation, contact the 
Sirius Group at gzeiders@prodigy. net. 
Inquiries concerning rights fM the com-
mercial use of this invention should be ad-
dressed to the Patent Counsel, Marshall 
Space Flight Center; (256) 544-0021 . Refer 
to MFS-31352. 
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@ Self-Temperature-Compensated Ceramic Strain Gauges 
External temperature-compensation circuits are not needed. 
John H. Glenn Research Center, Cleveland, Ohio 
Ceramic static-strain gauges capable 
of generating mecbanical-strain ignals 
much larger than spurious thermal sig-
nal have been invented. These gauges 
are intended for use at temperatures 
from room temperature to 1,250 · C. 
Heretofore, external circuits have been 
used to provide temperature compensa-
tion for (that is, to correct for or sup-
pre the spurious ignal of) strain 
gauges. 0 such external temperature-
compensation circuits are needed for 
temperature compensation of the pre-
ent developmental strain gauge. 
There are numerous potential u es 
for self-temperature-<:ompensated strain 
gauge as the transducers of strain and 
pressure sensors in automotive and aero-
pace application that involve tempera-
tures >200 · C. At the pre ent stage of de-
velopment, it i not yet po sible to 
construct a ingle gauge of this type that 
can operate over the entire temperature 
range from room temperature to 1,250 
· C; in tead, one can construct one 
gauge that functions from 100 to 800 · C 
and another gauge that function from 
900 to 1,250 · C. Development efforts 
continue and are expected to lead to 
publication in ajournal. 
This UJ()rk was done by Otto J Gregory oj 
tile University oj RJwde Island Jor Glenn Re-
search Center. 
Inquiries concerning rights Jor the commer-
cial use oj this invention slwuld be addressed 
to 'ASA Glenn Research Center; Commercial 
Technology OJfice, Attn: /eve Fedor; Mail 
Stop 4-8, 21000 BrookPark Road, Cleue-
land, Ohio 44135. ReJer to I.EW-16704. 
@ "Set and Hold With Power Of£,' Cryogenic Actuators 
Magnetic fields would be applied to magnetostrictive rods by 
high-temperature-superconductor electromagnets. 
Langley Research Center, Hampton, Virginia 
Magnetostrictive actuators that would 
hold their displacements with power 
turned off have been proposed for use at 
temperarure from about 10 to about 77 
K Such "set and hold with power off" ac-
tuators are attractive for effecting fine po-
sition adjustmentS in cryogenic scientific 
instruments, wherein ignificant amounts 
of heat would be released and could dis-
turb instrument operation if it were nec-
essary to apply power continually to main-
tain actuator displacements. 
The e ntial components of a magne-
to trictive acooator are a rod of magne-
to trictive material and an electromagnet 
coil to control the magnetic field applied 
to the rod. In an acruator of the proposed 
type, the magneto trictive material would 
be ingle-crystal Tbo.sD}'O.4Zn, which ex-
hibits a saturation magneto trictive train 
of as much as 0.5 percent at a preload 
stre of only 13. MPa and an applied 
magnetic field of abou t 500 Oersted (=4 x 
10' Ai m). The magneto trictive rod 
would be urrounded by an electromag-
net coil in the form of a monolithic cylin-
der made of a high-temperarure uper-
conductor (see Figure 1), which could be 
either YBa2Cu30 7_x or Bi r2CaeU20~ 
(aka B eeo 2212). The persistent mag-
netic field needed to maintain a con tant 
magnetostrictive stain (in order to hold a 
con tant di placement with power off) 
would be generated by an electrical cur-
rent flowing circumferentially in the su-
perconductive cylinder. 
The superconductive cylinder would 
be charged with the desired current by 
applying a uitable pulsed current to a 
normally conductive (e.g., copper-wire) 
solenoidal electromagnet coil urround-
ing the uperconductive cylinder. The 
pulse would be tailored so that, at fir t, 
the superconductor would first be 
brought to its critical state (which occurs 
at the maximum superconducting cur-
rent), and then additional magnetic 
field would be applied, all at nearly con-
tant temperarure. In the critical tate, 
magnetic flux could be made to move 
freely into or out of the cylinder (flux 
could be pumped) with some attendant 
dissipation that would cause a momen-
tary mall increase in temperature. The 
increase in temperature would be too 
small to disrupt the superconductivity. 
A circuit to implement thi charging 
scheme is depicted in Figure 2, wherein 
the normally conductive charging coil is 
represented by inductor Ll, the super-
81 
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Figure 1. This Cryogenic Magnetost rictive Actuator would hold its position when power was not ap-
plied, by virtue of the persistent current flowing circumferentially in the high-temperature-super-
conductor cylinder. 
conductive cylinder i repre ented by in-
ductor L2. The momentarily dissipative 
naOOre of the superconductive cylinder 
is represented by re i tor R, which limits 
the current in L2 to no more than the 
critical current, and which is zero when 
the current in L2 is smaller than the crit-
ical current. 
In preparation for generating a pul e of 
charging current, switch 1 would be 
closed to charge the capacitor from the 
power supply. Once the capacitor was 
charged, switch Sl would be opened and 
c L1 
switch S2 would be closed. Assuming a 
high coefficient of coupling between Ll 
and L2, the current in L1 would rise 
rapidly immediately following closure of 
2 because, at that time, the combination 
of Ll and L2 would con tioote a trans-
former with a short·drcuited secondary 
winding. The increase in current in Ll 
would be balanced by an opposite change 
in the current in L2. Once the current in 
L2 reached the critical value, it would re-
main teady at that value and the load pre-
sented to the capacitor would uddenly 
L2 R 
Figure 2. This PulselTransformer Circuit would charge the superconductive cylinder to the current needed to maintain the desired actuator displacement. 
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become inductive. slowing down the rate of increase of current 
in L 1. The circuit would then behave like an ordinary capaci lor-
and-inductor system with a characteristic oscillation period. 
Once the current in Ll reached its maximum value and 
started to decay. the state of the superconductor would depart 
from criticality; therefore. the inductive load would uddenly 
disappear and the circuit would once again become a short cir-
cuit, with no voltage but large current. With no driving voltage. 
the current in Ll would decay very rapidly. widlOUt 0 cillations. 
The final result would be that the energy in the capacitor. 
minus the energy dissipated in Ll. would be tran erred to the 
superconductor. 
The charging proce as de cribed thus far could be re-
peated until the current in the superconductive cylinder had 
increased to the desired value (but not more than the critical 
value). The current in the superconductive cylinder could also 
be made to decrease in a discharging proce • which would be 
the identical to the charging proce except that the capacitor 
would be charged in opposite polarity. 
This wark was done by Garnett C. H(JI7U!T' oJ Langley Research 
Center , Leslie Bromberg oj Massachusetts Institute oj Technology, 
and J. P. Teter oj the Naval Surface Warfare Center. Far further inJur-
mation, access the Technical Support Package (TSP) free on-line at 
www.nasatech.com under the Physical Sciences category. 
l.r17837 
• Electrobiotic Toxic-Agent 
Sensors 
Inexpensive, compact, reliable sensors 
would be easy to use. 
NASA's Jet Propulsion Laboratory, Pasadena, California 
Electrobiotic sensor have been proposed for detecting toxic 
substances in a variety of environments. Electrobiotic sensors 
would be inexpen ive. compact units that would be easy to use 
and could be deployed either singly or in large numbers. de-
pending on the ize ofan environment to be monitored and/or 
the need to locate a toxic source within a larger area. For exam-
ple. multiple electrobiotic sensors might be deployed on a bat-
tlefield or at a large-scale mining operation. whereas a single 
electrobiotic sen or might be used to monitor the air in a labo-
ratory or at an assembly bench where toxic chemicals are used. 
The term "electrobiotic~ was cho en for the e sensors be-
cause the frontline of sensitivity would be biological entities 
and the responses of these entities to toxic ubstances would 
be sensed and proce ed by electronic circuitry. More specif-
ically. a lypical electro biotic sensor (see figure) would in-
clude very small live nematode in a uitable medium de-
po ited on an active-pixel ensor (APS) (a state-of-the art 
single .. dlip imegrated-circuit array of photodetector and ac-
tive readout circuitry]. The movements of the nemawdes, 
which are mutatable to be agent- pecific. would be detected 
through differencing between prompt and delayed pixel 
readout ignal. 
A control application-specific integrated circuit (ASIC) on a 
single chip would monitor the pixel-differencing output of the 
AP chip to detect movement. If movement were detected. no 
further action would be taken. If movement were not detected. 
the control ASI would activate a microfluidic injection of 
nicotine to timulate activity of the nematodes. If activity were 
still not detected. the nematode would be assumed lO be dead, 
implicating a toxic environment. The ASIC would then activate 
ASP. Tech BriefS, May 2000 
V1SIializing 
Your Data 
Just Got Faster 
and Easier. 
Tecp/ot® 
Ver§ion B.[] 
Tecplot Version 8.0 
quickly and easily 
transforms your 
data into easily 
understood plots, 
charts, and graphs! 
Communicate more 
effectively via the 
Internet w ith new 
options for 
publication and 
collaboration. 
Tecplot Version 
8 .0 allows you to: 
• Access remote data 
via FTP and HTIP. 
• Create presentation-
quality plots. 
• Publish your research 
as HTML, TIFF. EPS, 
PNG. BMP and AV!. 
• Interface with industry 
standard data formats. 
Splendid graphics. 
Superb presentatiOns. 
And so easy to use. 
Get Teeplot. and visualize 
yourself communicating 
results like never before. 
"One of the strong 
points of Teeplot for us 
is the high quality of 
graphic output. n 
Lars BomhoIt. Integrated 
Systems Engineering. Inc. 
Visit our website at 1.800.763.7022 
www.amtec.com TEl 425.653.1200 • FAX 425.653.9200 
Download our free ~I~C· Tecplot demo. r- I I I _ 
AMTEC ENGINEERING. INC. 
Battery Patch Antenna ~=== \~~~::::====?1 ____ (on Back Surface) I ~ -........ 
lH I I"'-Transmitter Chip 
-
Control ASIC 
Active-Pixel Sensor / 
/ 
'--'---'---'--'----'---'---'--"""\--'----' 
Nematodes on Surface of Act,ve-P,xel Sensor 
An Electrobiotic Toxic-Agent Sensor would contain and monitor a population of small nematodes. 
Electronic circuitry would detect motion or lack of motion of the nematodes. Upon detecting cessa-
tion of the motion (presumably a result of environmental toxicity), the circuitry would transmit a sig-
nal. The total volume of the sensor would be about 1 in.' (=16 em». 
the radio tran mi sion of a irnple binary 
signal containing encrypted data on the 
location of the sen or as determined by 
a Global Po itioning System (GPS) re-
ceiver that would also be part of the en-
sor. If multiple electrobiotic ensors 
were di persed over a large area, then 
they could communicate with each 
other to rela their tatu and location 
data to a central receiver/ repeater unit, 
which, ould be placed in the area dur-
ing disper al of the en or . 
The radio tran miuer in an electro-
biotic en or could be ver imple and 
hort-lived and its range could be lim-
ited [e .g. , of the order of a mile (=:1.6 
\un)]. Therefore, the power demand 
of the en or could be ati fied with a 
very mal1 battery like that u ed in a 
hearing aid . 
The life cyc1 of nematodes are typi-
call of the order of 4 day. However, 
nematode can be u tained in a dor-
mant tate for a few weeks to a few 
months. Furthermore, they can be 
frozen for very long periods. Hence, 
electro biotic ensors could be tored at 
low temperature for future use. 
This work was done by Philip Muynihan, 
&bert tirbl, and &ger Kern of Caltech for 
NASA's Jet Propulsion Laboratory. For 
further information, access the Technical 
Support Package (TSP) free OIl-line at 
www.nasatech.com under the Electronic 
Compments and Systems category. 
NP0-20721 
• Magnetoelectric Sensors and Electric Generators 
Novel applications of the magnetoelectric effect are proposed. 
it :A.'5 Jet Propulsion Laboratory, Pasadena, California 
Electric generators and magnetic-field 
sen or of a propo ed type would be 
based on the magnetoelectric effect. A 
simple device of this type (see figure) 
would consist mainly of an inner layer of 
a magnetoelectric material andwiched 
between two outer layers of a ferromag-
netic material. Electrical contacts would 
be placed at opposite ends of the mag-
netoelectric material . 
As its name suggests, a magnetoelec-
tric material is one that exhibits the 
magnetoelectric effect, which i a linear 
coupling between magnetization and 
electric polarization. The polarization 
electric field i perpendicular to the 
Magnetic Induction 
Ferromagnetic 
Layers 
Magnetoelectric 
~_---. Layer 
The Sandwichlike Device could be used to sense or to extract power from a varying magnetic field. 
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magnetic induction vector and its mag-
nitude i proportional to the strength of 
the magnetic induction vector. 
The electrical contacts could be used 
to connect the ends of the magnetoelec-
tric layer to a voltmeter or other suitable 
instrument for measuring changes in 
the polarization electric charge. The 
voltage reading would be proportional 
to the change in the charge and thus to 
the change in the polarization electric 
field and thus, further, to change in the 
magnetic induction. Operated in this 
way, the device could be u ed as a mag-
netic-field sensor. 
If the ends of the magnetoelectric layer 
were connected to suitable external cir-
cuitry and the magnetic field varied, then 
a sustained electrical current would flow. 
Operated in this way, the device could be 
used to sense or to extract power from a 
trongly varying magnetic field. 
This work was done by Julian Blosiu and 
Mary Boghosian of Ca/.tech for NASA's Jet 
Propulsion Laboratory. For further infor-
mation, access the Technical Support Package 
(TSP) free cm-line at www.nasatech.com 
under the Electronic Components and ']S/ems 
category. NPO-20523 
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I -$ Special Coverage: Sensors 
The Model 2518/ 19 
Ethernet sensor interface 
from en ora), Tigard, 
OR, combines Smart AID 
for ensors \\ith a 100base-
T interface. The combina-
tion allows data acquisi-
tion of eight or 16 chan-
nels of thermocouple, 
RTD, strain gauge, ther-
mistor, voltage, 4-20 rnA, or re istance data via an Ethernet connec-
tion. Each channel is sof[Wafe programmable for a different sensor 
type. Screw terminations on the Model 2518/ 19 allow direct ensor 
connections. 
Smart A/ Ds attached to the Ethernet board prO\ide sensor excita-
tion, linearization, software filtering, auto standardization, and alarm 
monitoring. The unit accepts input power from 12 to 24 VDC. A tem-
perature sensor for each group of eight channels serves as a cold ref-
erence for thermocouples. 
For More Information Circle No. 721 
Omron Electronics, Schaumburg, IL, 
offers the E3G-Ll photoelectric sensor 
that provides a pinpoint beam of I-mm 
diameter with a range of 5-50 rom. The 
beam can detect the pre ence or 
ab ence of minute targets without the 
use of a laser. The sensor also incorpo-
rates one-touch threshold sensitivity 
teaching adjustment with distance-set-
ting capabilities. 
The optical system achieves stable 
detection of objects regardless of 
glossiness, color, material, surface 
irregularities, or inclination. The eries 
offers NP or P P models, red or 
infrared light sources, and cable or connector versions. Features 
include switch-selectable Lighl-ON or Dark-O operation and a 
NEMA 4 enclosure. 
For More Information Circle No. 723 
The Q45UR Flat-Pak remote ultrason-
ic sensor from Banner Engineering 
Corp., Minneapolis, MN, features an 
ullra-compact, rectangular remote-
sensing head for ]imited-space appli-
cations and difficult environments. 
The en or measures 27.5 mm (l.08") 
square and is 12 mm (0.47") high. It 
includes integral thermi tors that 
compensate for temperature varia-
tions, and i housed in rugged plastic. 
The en or operate in tempera-
tures from -25' to +70' C, and is avail-
able in both switched~utput (discrete) and analog models. Three 
LED pro,ide continuous indication of programming and operating 
status. A red, moving dot target indicator simplifies set-up and pr<r 
vides a constant displa of performance. 
For More Information Circle No. 72S 
The Series 3700 capaci-
tive accelerometers from 
the DC Sen ors Divi-
ion of P B Piezotron-
ics, Depew, ~ are avail-
able in versions with in-
tegral cables. The units 
can be submerged in 
water and withstand 
expo ure to oils and 
other contaminants. 
Models are available in single-axis and tria.xial ensing configurations 
with versions capable of DC or static acceleration measurements from 
20 micro g up to 200 g. 
The units utilize on-board mltage regulators to in ·ure constant sen-
sitivity values, regardless of supply voltage. They are protected against 
shock overloads of up to 3000 g. Lightweight, hermetically ealed tita-
nium housings reduce mass loading to insure accurate measurement 
results. 
For More Information Circle No. 722 
Balluff, Florence, KY, offers the BOS 
20K fiber-optic sensor with teach-in 
capability [or quick setup. Once the 
part to be detected is brought into 
position , sensor etting is locked with 
a single push of the "set" button. 
Sensitivity can be fine-tuned manually 
with +/ - button , then locked with a 
di able function to prevent tamper-
ing and accidental adjustment. Four 
display elements indicate sensor out-
put, time delay, stability, and key lock-
out condition. 
The sensor measures 60 x 30 x 13 
mm and is powered by 10-30VDC. It is programmable fOT P P or 
NPN operation and includes shon-drcuit and reverse-polarity pro-
tection. It is available with a 2-meter cable or a four-pin M8 connec-
tor, and is DIN-rail or screw-mountable. 
For More Information Circle No. 726 
Baumer Electric, Southington, CT, 
has introduced the UDDK 30 ultra-
sonic sensor, de igned for applica-
tion involving inlerfering objects 
and confined paces. The sensor 
includes a teach-in feature that can 
"learn" to fade out ob tacles, facili-
tating installation and operation on 
the faCtory floor. 
The ensor features an elliptical 
measuring area with an opening 
angle of 8' and one-touch etup. It 
al 0 can be taught to ignore inter-
fering objects between the sensor 
and the target, which allo" users to 
detect objects through a grid or 
narrow opening. 
For More Information Circle No. 724 
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• Electronic Components and Systems 
• Submillimeter-Sized Bi2_~bxTe3 Thermoelectric Devices 
Electrochemical deposition is the key to mass-producibility. 
NASA's Jet Propulsion Laboratory, Pasadena, California 
Submillimeter-sized thermoelec-
tric devices ba ed on thick films of 
Bi2_.5bxTe3 are undergoing devel-
opment. As electronic circuits are 
designed \vith ever greater packag-
ing densitie and power densities, 
there is an increasing need for 
small thermoelectric devices to 
provide active spot cooling for 
power amplifiers and other heat-
generating electronic components. 
Bi2_.5b .Tes is the preferred ther-
moelectric material for the opera-
tional tern perature range «200 
0c) of typical advanced microelec-
tronic components. Bi2_.5b.Tes 
thermoelectric devices could also 
be used as electric-power genera-
tors; moreover, because of the 
smallness of the thermoelectric 
legs in these devices, the numbers 
of legs can be of the order of 100 
times those of conventional bulk 
thermoelectric devices, making it 
pos ible to generate higher poten-
tials (of the order of 100 V) , that 
are more compatible with other 
electronic components. 
The figure depicts a representa-
tive device of this type, wherein the 
Bi2_xSbxTes thermoelectric legs 
have length, widths, and thick-
nesses of the order of tens of mi-
crons. The thermoelectric legs are 
integrated with contact, diffusion-
barrier, and electrode layers, all 
sandwiched between two thermally 
conductive, electrically insulating 
outer layers (made of AI or syn-
thetic diamond substrates) that are 
placed in con tact with the heat 
source and heat sink, respectively. 
The Bi2_.5b xTes legs are made by 
electrochemical deposition from 
an aqueous solution; the other 
parts of the device are fabricated by 
various conven tional integrated-cir-
cuit-fabrication techniques, includ-
ing photolithography and vacuum 
deposition. 
In comparison with such conven-
tional semiconductor-fabrication 
techniques as sputter deposition, 
vacuum evaporation, and chemical 
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A Thermoelectric Module would contain thermoelectric legs made from thick films of n· and p-doped 
Bi,_.Sb. Tel , plus multiple metal layers and outer layers made from high·thermal·conductivity materials. The 
thermoelectric legs would be connected electrically in series and thermally in parallel. 
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• Volts 
• Coulombs 
• Other 
10mO-200Cn 
lOJN- 200V 
lOfC- 20flC 
Digital I/O 
Handler interface 
1200 rgds/s 
2500 point memory 
0.25% 
0.025% 
0.4% 
The Model 6514 Electrometer is our newest and lowest-
priced, comparable in cost to a high-end DMM. It offers 
researchers an affordable solution for making tough 
precision measurements of low currents, voltages from 
high resistance sources, or charges. With high reading 
rates of 1200 rdgs/s, it's the best instrument for applications 
where an on-board voltage source is not needed. For 
high resistance measurements, our Model 6517A, the 
world's best high resistance meter, offers an on-board 
voltage source. Both electrometers offer less than 
1 fA p-p noise and are easy to configure and use. 
Keithley electrometers are high sensitivity multimeters 
that operate like ordinary DMMs, but with significantly 
lower voltage burdens. For complete specs on the 
full line, or to talk with an Application Engineer, 
contact Keithley today at 1-888-534-8453. 
• Volts 
• Coulombs 
• Other 
KEITHLEY 
0.125% 
10flV - 200V 0.025% 
10fC - 20flC 0.4% 
±lOOOV source built-in 
Alternating polarity ohms method 
Temperature and humidity stamp 
Built-in lO-channel scanner option 
For More Information Circle No. 507 
I R I FeelUke a combat soldier stepping through a fiber optic " 
cables and connectors minefield? RIFOCS can light the ti'-_ 
way to ensure connection of your critical fiber optic =:: 
RIFOCS ~ components_ RIFOCS recently provided high-performance and 
reliable cables for the Enhanced Fiber Optic Guided Missile program 
for the Army. Whether the application is for land, sea, air or space, 
RIFOCS can deliver! We are a MIL-I-45208A certified full-service 
provider with a proven track record. Call now! 
See us at: 
NetWorld + Interop 2000; Las Vegas, NV May 9-11 Booth #2285 
RIFOCS Corp. INTt1-805-389-9800 • Fax.INT+1-805-389-9808 • sales@rifocs,com • www,rifocs.com 
For More Information Circle No. 421 
This logger 'has the battery life to last 
Toc Mars. and .back!. 
... and then some! 
ACR SmartReader Plus 7 features: 
• 7 voltage and current channels 
+ /-0.5% FS accuracy 
• Up to 1.5 MB memory 
12·bit resolution 
• Sample rates as fast as 25 readings 
per second 
• Weighs less than 4 oz 
• 1 O-year battery life (guaranteed) 
• Free technical support on our 800 
number 
• 3-year warranty 
• Year 2000 compliant 
Downloading information is simple: "'Ki=~ 
Connect an ACR interface cable 
to the logger and the Com 
port of a PC and run the 
ACR software. View data 
graphically or statistically. 
Loggers are accessible remotely 
by modem and can be networked. ~-'"' . 8 .. Without data, it's just an opinion 
Incn 
SYSTEMS INC. 
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For more information on the complete ACR family of data logging instruments, please 
contact us. Telephone: 604.591.1128 . Toll free (CDA & USA): 1.800.663.7845 
Fax: 604.591.2252 . Web: www.acrsystems.com • [·mail: acrtJacrsystems.com 
Bldg 210- 12960 84th Avenue Surrey BC V3W IKl Canada 
Sttking Hanufacturer's Representatim 
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2229 
chemical depo ition offer everal ad-
vantage for fabrication of the 
Bi2_ b.Te5 thennoelectric legs. Growth 
rate achievable by electrochemical de-
po ition are in the range of ten of mi-
cron per hour - fa t enough for mas 
production of device in the desired 
size range - whereas lower growth 
rates achievable by the conventional 
technique are better uited to fabrica-
tion of ubmicron-sized device. The 
conventional technique are poorly 
uited to fabrication of Bi2_ b.Te5 de-
vice becau e the vapor pressure of Bi, 
b, and Te are very different; on the 
other hand , the composition of films 
grown by electrochemical depo ition 
can be controlled via the concentra-
tion of the con tituents of the aqueou 
deposition olutions. 
Substrates can be coated with metal 
interconnection busses and contact 
pads and then masked, all by conven-
tional integrated-circui t-fabrica tion 
techniques. Then Bi2_ b.Te3 thermo-
electric leg can be electrodepo ited 
onto the contact pads through the 
holes in the masks. Thus, conventional 
in tegrated-circuit-fabrication tech-
niques can readily be combined with 
electrochemical de po ition for mas 
production of submillimeter Bi 2_. 
Sb.Te3 thermoelectric devices. 
A significant part of the develop-
ment effort thus far has been devoted 
to the electrochemical deposition 
process. The general approach is to dis-
solve Bi, Sb, and Te in nitric acid, then 
put the resulting olution in an electro-
chemical cell , wherein Bi2_ b.Tes 
(which is insoluble in HN03) is de-
posited on a cathode. Process parame-
ters that must be optimized include the 
pH of the olution; the concentrations 
of Bi, Sb, and Te in the solution; the 
temperature of the solu tion; stirring of 
the solution; the deposition voltage 
and current density; the surface finish 
of the cathode; and post-deposition an-
nealing. One of the findings of experi-
ments conducted thu far is that the 
limited solubili ty of Sb in the olution 
can be enhanced by use of tartaric acid 
as a buffer. 
This work was done by Jean-Pierre Fleur-
ial, Margaret A. Ryan, Alex Borshchevsky, 
Wayne Phillips, Elizabeth Kolawa, C. Jef 
frey Snyder, and Thierry Caillat of Caltech 
for NASA's Jet Propulsion Laboratory. 
For further infonnation, access the Techni-
cal Support Package (TSP) free on-line at 
www.nasatech.com under the Electronic 
Components and Systems category. 
NPO-20472 
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• High-Speed Complex-Amplitude 
Liquid-Crystal SLMs 
Frame rates of the order of several kilohertz are achievable. 
Lyndon B. Johnson space Center, Houston, Texas 
High-speed complex-amplitude pa-
tiallight modulators (SLMs) containing 
liquid crystals with pixel electronic cir-
cuitry on single-crystal-silicon back-
planes are undergoing development. 
The basic approach taken in this project 
i to use fast-switching liquid-cry tal ma-
terials and modulation-enhancing de-
vice geometries that have not been used 
in prior di play systems. 
The modulator materials selected for 
this project are chira! mectic liquid-crys-
tal (CSLC) materials of the high-tilt type. 
These materials are capable of modulat-
ing light with switching times <100 JlS; 
however, they have traditionally been dis-
missed with respect to use in analog com-
plex-amplitude SLMs because they give 
rise to the following disadvantageous de-
vice characteristics: 
• Rotative switching (rather than variable 
retardance) occurs and results in bipo-
lar amplitude modulation in the typical 
crossed-polarizer arrangement A vari-
able-birefringence device produces cou-
pled phase and amplitude modulation 
when operated in the same fashion. 
• Depths of modulation are inadequate; 
CSLC materials act to produce either 
continuous operation over small ranges 
or else two-state (binary) switching. 
• Relatively trong electric fields and thus 
high drive voltages are needed for full 
switching in analog CSLCs. 
The e device characteri tics as well as 
other pertinent issues have been ad-
dressed during the project Accomplish-
ments have included the folJowing: 
• Alignmen t techniques and drive 
schemes for high-till materials to obtain 
true gray-scale modulation were devel-
oped. These LC materials directly 
provide bipolar amplitude modulation 
(real-axis coverage) and are essential for 
nondi persive phase modulation. 
• A polymer chole teric liquid crystal has 
been verified to function as a handed-
ness-preserving mirror, which enhance 
the modulation depth of a resonated or 
a two-pass non-resonated phase-only 
LC modulator. 
• A nonresonated 27t-radian artaIog phase 
modulator containing a cholesteric-liq-
uid-crystal (CLC) mirror and a high-tilt 
analog half-wave element has been 
demon trated. 
• A thin-film CLC has been inve tigated 
for use as a low-stress pIanarization layer 
for a very-iarge-scaJe integrated (VLSJ)-
circuit backplane. The CLC film acts as 
ABA Tech Briefs, May 2000 
a phase-£lat mirror inasmuch as the top 
surface is formed against an optical flat 
The top surface is reflective and masks 
the underlying VLSI structures. 
• A mathematical-modeling program that 
utilizes a 4 ¥ 4-matrix technique was de-
veloped for use in analyzing the geome-
tries of modulators that exploit rotative 
switching in CSLCs or variable retar-
dance in nematic liquid crystals. 
• Closed-form solutions were derived for 
the modulators for general input polar-
izations, giving a variety of available op-
erating curves nol obtainable when 
using nematic liquid crystals. This analy-
sis pertains to the arrangement of a re-
flection-mode SLM with a polarizing 
beam splitter as an analyzer and beam-
routing device. 
• The use of a high-voltage backplane was 
found to improve optical-correlation 
performance. 
• A high-performance 128 ¥ 128 analog 
SLM with a VLSI backplane was demon-
strated (at the time of reporting the in-
formation for this article, there were 
plans to develop subsequent device with 
higher pixel densities). This VLSI back-
plane operates at a potential of 12 volts 
and at a load rate of 10,000 frames/sec-
ond, with full analog ignal torage at 
each pixel and a pixel pitch of 40 pm. 
This VLSI backplane upports a variety 
of liquid-crystal modulators in addition 
to those based on high-tilt CSL . 
• S1M drive circuitry and control software 
were developed and tested. The SLM 
drive system i controlled by a personal 
computer. 
• A postprocessing technique for pla-
narizing a VLSI backplane was inve ti-
gated. The technique involve depo j-
tion of a thick oxide layer on the VLSI 
ilicon wafer, followed by chemical-me-
chanical polishing. After polishing, opti-
caI-quality pixels are deposited and con-
nected to the underlying VLST circuits. 
Overall, the project has been instru-
mental in increasing understanding of 
the principles of operation and of manu-
facturing liquid-crystal·{m-silicon SL\{ 
products. 
This TJJOTk was thlne by Gary harp and 
Steve Serah. of &ulkr imlinear ~ tems, Inc., 
for Johnson Space Center. For further infor-
mation, access the Technical upport PacJw.ge 
(TSP) free on-line at www.nasarech.com 
under tM Electronic Components and ,)'5-
t~ns mtegory. 
MSC-22840 
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Instrument Measures Fluorescence From Chlorophyll in Plants 
Effective discrimination against solar background radiation is achieved without 
critical optical and mechanical parts. 
Stennis Space Center, Mississippi 
An optoelectronic instrument, known 
as a plant fluorescence en or, i being 
developed for u e as a working tool in 
agricultural etring. This instrument i 
a remote, passive monitor that provides 
a means of discerning plant stres at 
very early tages. With sufficient warn-
ing, the u er could provide timely appli-
cations of fertilizer, water, and/ or pesti-
cide to achieve maximum crop yield at 
minimum cost. Figure 1 pre ents two 
views of the plant fluorescence sensor. 
The in trument is the subject of 
Patent 5,567,947. 
Measurement of teady-state plant 
fluore cence offers the possibility of 
determining the physiological status of 
a green plant. The magnitude of plant 
fluore cence and its spectral (color) 
distribution is sensitive to a number of 
factors which are related to the ability 
of a plant to perform photosynthesis 
(the proces by which green plants con-
vert atmospheric water vapor and car-
bon dioxide into sugars and oxygen, 
using sunlight as fuel). For instance, 
the light capture efficiency of the plan t 
is dependent on the type and amount 
of pigment molecules (such as chloro-
phyll) which in turn is dependent on 
adequate fertilization . Plants tre sed 
from a lack of fertilizer will limit 
chlorophyll production and exhibit 
both lower overall level of fluore cence 
and shift in spectral distribution com-
pared to healthy plants. Another factor, 
such as lack of adequate water, can 
erve to limit the rate of photo ynthe i 
by causing the plant to close its stomata 
(the openings which allow the leaf to 
draw in carbon dioxide and water 
vapor); when this happens, the level of 
plan t fluorescence will generally in-
crease. Thus, mea urements taken with 
this sensor can guide growers in the al-
location of resources such as irrigation 
water, fertilizer, and pesticides. 
Under sunlight, the chlorophyll in 
plants fluoresces at wavelength from 
about 660 to 800 nm. The major prob-
lem in measuring this fluore cence is 
to discriminate against scattered sun-
light, which can contribute a puriou 
component to the measurement. The 
present sensor is of the class of appara-
tuses known as Fraunhofer-line or spec-
tral-line di criminator , but this en or 
differs from others of its class by virtue 
of a unique design that exploits the 
pectral ab orption line of oxygen in 
such a way as to obtain enhanced spec-
tral di crimination at lower cost. The 
de ired pectral resolution and dis-
crimination are achieved without need 
for the highly precise, expensive opti-
cal components with critical mechani-
cal adjustments (e.g., Fabry-Perot cavi-
tie ) that are u ed in other spectral-line 
di criminators. 
Atmospheric oxygen strongly attenu-
ates incident sunlight in pectral lines 
in two group known as A band (wave-
length >=760 nm) and B band (wave-
length >=688 nm). Each of these bands 
includes about 40 spectral lines with 
such strong absorption that the atmos-
phere can be con idered opaque at the 
middle wavelengths of these lines. 
Chlorophyll fluoresce strongly at the e 
wavelengths. Thus, if light from plants 
at these wavelengths is measured, one 
can be assured that the measurement 
represent only fluore cence from 
chlorophyll, without contribution from 
Figure 1. The Plant Fluorescence Sensor in the left view is lying. with its casing removed. on a utility cart. In the right view. it is installed on a high-clear-
ance vehicle for monitoring a Nebraska corn field . 
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Figure 2. This Spectral-Une Discriminator measures fluorescence from sunlit plants. Discrimination against scattered sunlight is achieved by a design that 
utilizes the absorption spectrum of atmospheric oxygen in combination with absorption and fluorescence in a bulb that contains oxygen. 
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scattered sunlight. Of course, the mea-
suring instrument must be close 
enough to the plants in question that 
atmospheric oxygen does not al 0 ap-
preciablyab orb the fluorescence from 
the chlorophyll, along with sunlight at 
the affected wavelengths; the resulting 
practical limit on the range of the pre-
sent instrument or any similar instru-
ment is 100 to 200 meters. 
The present ensor (see Figure 2) i 
based on this spectral-discrimination 
principle. Light from sunlit plants is fo-
cused by a lens, then made to pass 
through a filter that passes wavelengths 
in a chosen 10-nm-wide subband of A 
or B band. The band-pass-filtered light 
passes through an entrance chopper, 
then along a light pipe to a spherical 
integrating cavity. Centered in the cav-
ity is a quartz bulb that contains a 
gaseous mixture of oxygen and argon 
at a total pre sure of about 100 torr 
(about 13 kPa). 
When the entrance-chopper aper-
ture is open, the oxygen in the bulb is 
illuminated by plant fluorescence plus 
scattered sunlight in the chosen sub-
band of A or B band, but the oxygen 
absorbs only the light at its characteris-
tic absorption wavelength in this sub-
band. Because the atmosphere has al-
ready filtered out sunlight at these 
wavelengths, the light absorbed by the 
oxygen consists almost entirely of fluo-
rescence emitted by the plants. While 
the entrance-chopper aperture re-
mains open, a silicon photodiode mea-
sures the total A- or B-band radiation 
received by the cavity. 
When the entrance-chopper aper-
ture is closed, the oxygen in the bulb 
emits the absorbed light energy as fluo-
rescence in A band (regardless of 
whether the illumination is in A band 
or B band). Because the en trance-
chopper aperture is closed, the re-
maining light in the cavity consists en-
tirely of this secondary fluore cence, 
proportional to the fluorescence from 
the plants. An exit chopper synchro-
nized in oppo ite phase with the en-
trance chopper opens to allow this 
light to pass to a photomultiplier tube 
cooled to a temperature 40 K below 
ambient. The output of the photomul-
tiplier tube is processed and fed to a 
data-acquisition system. 
This work was completed by Paul L. Ke-
babian, Herman E. Scott, and Andrew 
Freedman of Aerodyne Reseatr;h, Inc., for 
Stennis Space Center under 1996 SBIR 
Phase II: NAS #NAS13-707. For further in-
formation, contact Herman Scott of Aero-
dyne Research, Inc., at (978) 663-9500 ex-
tension 267). 
In accordance with Public Law 96-517, 
the contractor has elected to retain title to 
this invention. Inquiries concerning rights 
for its commercial use should be addressed to 
Laurie S. Dean, 
Commercialization Manager 
Aerodyne Research, Inc. 
45 Manning Road 
Billerica, MA 01821-3976 
Refer to SSC-00037, volume and number 
of this ASA Tech Briefs issue, and the 
page number: 
, Laser Heating for Testing Rocket-Engine 
Insulating Phenolic 
Marshall Space Flight Center, Alabama 
A continuous-wave CO2 laser has been 
elected as a source of heat for te ting 
the thermal re pon e of carbon·doth 
phenolic like that used as insulating ma-
terial in a reusable solid-fuel rocket 
motor (RSRM). The particular thermal 
re ponse of interest, observed duringop-
eration of an RSRM, is pocketing. By uit-
able adjustmen t of the size and power of 
the laser beam, the rate of heating can 
be made nearly identical to that in the 
RSRM nozzle during operation. 
The use of the laser as the ource of 
heat in such le ring is accompanied by 
the use of optical means to measure 
the urface temperature of specimens. 
The surface-temperature mea ure-
NASA Tech Briefs. by 2000 
ments make it possible to construct 
better mathematical models and de-
velop better under tanding of the ther-
mal response of the material under 
test. Moreover, unlike the environment 
in a le t motor during operation, the 
environment in the vicinity of a laser-
heated specimen j not dominated by 
hot chemicals in high concentrations; 
as a re ult, additional instrumentation 
that cannot be used in tests in an oper-
ating rocket engine can be used in 
laser-heating tests. 
This work was done by Timothy . John-
son and Edward C. Mathias of Thiokol 
Carp. for Marshall Space Flight Center. 
MFS-31272 
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WITH THIS. 
The power of Digital Broadband makes 
possible an entirely new approach to the test 
and measurement of wireless components and 
systems. Using this dynamic capability, Celerity 
has created a series of "virtual" instruments that 
provide the power, speed and flexibility to test in 
ways you never before imagined. 
More Data Test analog and digital signals 
with multiple coherent or independent input 
and output channels quickly, conveniently and 
cost-effectively. Bandwidths up to 160 MHz and 
memory to 32 GB. 
More Speed Utilizing the fastest embedded 
Pentium and SPARC platforms, these instruments 
zip through signal measurements. Ultralinear 8, 
10, 12 and 14 bit ADCs and DACs provide the 
dynamic range needed for 3G, 15-136, EDGE 
and other broadband wireless testing. Signal 
acquisition and waveform generation functions 
cover the spectrum from RF to 40 GHz with our 
high performance frequency converters. 
More flexibility Through the use of 
Celerity Systems' unique architecture, these 
"virtual" instruments create a completely open 
test environment offering a selection of analysis 
functions. Digital Broadband allows you to 
change the measurement utility through the use 
of software based "Virtual Instrument Modules". 
Now stand-alone test instruments can be 
replaced with one box that does everything 
you need, faster and better. And it is available 
at a price that will keep your program 
market-competitive. 
Whatever your testing challenge may 
be - product evolution, pre-standard release 
verification, prototyping, field-testing, or final 
production test and implementation, your 
capabilities should match your technology. 
Let us show you how we can help. 
Check out the details at www.csidaq.com 
or call 888-274-5604 for more information. 
THE POWER OF DIGITAL BROADBAND FOR WIRELESS TEST. 
Celerity Systems 
an t!) communications company 
10411 Bubb Road Cupertino, CA 95014 • Phone (408) 873-1001 • Fax (408) 873-1397 
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tj SIMON - School Internet Manager Over Networks 
This program is designed for managing access to the Internet for teachers and students. 
Lyndon B. Johnson Space Center, Houston, Texas 
School Internet Manager Over etworks ( IMO ) i a 
oftware tool, exclusively for u e on Macinto h computer, 
that i de igned to provide acce to, and management of, 
Internet information for teacher and students in kinder-
garten through twelfth grade. By eliminating the require-
ment for advanced sy tem ervice typically provided b 
proxy eravers (the computer tools of choice for acce s to 
the In ternet), IMO ,which is available free on a NASA 
web ite, ha eliminated the related need for costly hardware 
ervicing and sy tem administration. Indeed, after in talla-
tion, SIMO can maximize the overall utility of a user's 
local-area network (LAN), retrieve In ternet information, 
and organize and present information to tudents. SIMO 
is not unique in the industry: several programs now com-
mercially available perform a ubset of functions that 
IMO al 0 perform . However, inasmuch as IMO i 
uniquely tailored to the public-school milieu, it use equip-
ment commonly available to public chools, thereby reduc-
ing cost and erving as a more user-friendly product, rela-
tive to the other programs. 
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In the e day ofre tricted funding, it is hardly urpri ing that 
public school y tem are often hort of mone . Unfortunatel , 
proxy erver, which are typicaIl u ed as Internet-acce tool, 
are available onIon computer that are capable ofho ting ad-
vanced sy tern ervices (e.g., U IXTM or Windows NTTM). 
The e sy tem are usually not financially viable for public 
chool sy tern . Moreover, becau e proxy ervers al 0 demand 
a high degree of hardware upport and sy tem administration, 
the public chool environment i not suited to the e either. 
IMO overcome the e ob tacle to acce to the Internet. 
It doe this by enabling the u ers for which it is uniquely tai-
lored - public chool sy tem - to use their own computers 
to retrieve Internet information, even when their computer 
are not directly connected to the Internet. More specifically, 
SIMON enables the users' ystem brow er to interact with 
mini- ervers running on the users' own computers. Informa-
tion requests are tllUS sent from a user's mini-server to the 
IMO master server running on the computer connected to 
the Internet. By using the SIMO master server in thi fash-
ion , to funnel requests and di tribute data across a lAN, 
teachers can control the content of the information and u e 
tored library information to retrieve information even when 
the information is requested numerous times. Moreover 
SIMO is able to di criminate among user, recognizing two 
group: teacher, who have pecial system privilege , and stu-
dents. Teachers ubmit queries, which are answered with ex-
isting library documents and/ or directly from Internet 
ource , and create the pre entation documents, which are on 
file in the library. Students have acce only to documents 
filed in the library. Thi arrangement enable teacher to 
manage materials used in the classroom and enable students 
to perform re earch and analyze information by use of Inter-
net-based technique. 
As an Internet-acce s software tool , IMO ha few peers. Al· 
though it runs only on Macinto h computers, this one re tric-
tion is far outweighed by its benefits. SIMO features numer-
ous earch and retrieval function (off-line searching, off-line 
brow ing of search results, and downloading of web sites), les-
son-building functions (off-line brow ing of web sites, a les on 
builder with web-page elector, and a lesson editor), and les-
son-library-management functions (an off.line Ie on library, 
automatic or manual lesson addition, and Ie son-sharing utili-
tie ) . By virtue of the e advantage , as well as ease of in talla-
tion and use, IMO will surely erve as a tool of the future -
one that can atisfy a primary need in grades kindergarten 
through 12. Already used by the Department of Education, the 
u er-friendly IMO can be u ed in the development of cur-
ricula as well as to re trict acces to the Internet. 
This lIJO'Tk was done by Robert O. ShelWn of Johnson Space Center, 
Stephanie Smith of Linann Corp., and Dat Truong and Terry Hodg-
son of Space Applications International Corp. For further information, 
access http://prime.jsc.nasa.gou 
MSG22898 
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Heat Transfer - The dynamic Nonlinear Slatic Stress Algor 5 nonlln-
effects of a tranSIEmt heat transler analy- ear product helps 10 accurately predict 
SIS were needed lor the time-dependent large delormatlon and large strams 
temperature loadmg of this heat sink caused by static loading. As seen by this 
assembly. Algor's multiple load curves water tank. buckling of a structure IS one 
lor vanous loading conditions allow for type of failure that can be exposed 
the slmulallon of the thermal event. 
with Linear Material Models -
MES With linear matenal models 
you to represent a dynamic 
while solVing for kmematlcs. de'lIe,:\ionst 
and stresses 01 tile structure. 
using large CAD assemblies 
thiS rocker arm assembty model, can 
expedited by uSing klnemabC elements 
ucts enable you to 
analysis types mto one evenl Resultant 
forces Irom flow around thiS turbine were 
calculated and then prolected onto the 
object for a structural analYSIS. Other mul-
IlphYSlcs capabilities Include comblntng 
heat transfer With IIUld liow heat transler 
With stallCitranSlent stress and heat trans 
fer With flUid flow and stress. 
Linear Dynamic Stress- A modal analy-
SIS IS one of the linear dynamiC stress 
analyses performed on thiS suspenSion 
bndge Failure can occur when the load-
Ing frequency IS at the structure's reso-
nant frequency. Algor'S linear dynamic 
analyses accurately predict these Ire-
quencles and dynamiC effects 
steady· state thermal processor hetps pre-
dict temperature dlslnbution due to ther-
mal loading Loading such as convection 
radiation. conduction. appJted tempera-
tures and surface heat fluxes can be 
added to an analYSIS for fasl, accurate 
results In the case of this engine casing, 
both conductton and convection were part 
of the analYSIS of thIS 3·0 soltd model. 
with Nonnnear Material Models 
MES extends full dynamiC analYSIS 
ities to large strain deformation analyses of 
nonfinear materials as shown by this land· 
ing gear assembly. KinematIC elements can 
be used for quicker processing. 
Algor has been developing FEA software since 1978. 
In 1984 Algor was the first company 
to offer FEA on PCs, which have evolved into the NT workstations of today. 
Algor offers the premier FEA software on PC workstations by combining ease-at-use and affordability. 
CAOKEV 
Prices start at just $975 for InCAD DesignPak. 
Autodesk Voyager 
Reg i stered Developer Member 
• Alt trademarks may be trademarks Of registered trademarks of thetr respective owners 
PARAMETRIC 
Algor, Inc. 
150 Beta Drive, PiltsbJrgh. PA 1523&-2932 USA 
Phone: +1 (412) 967-2700 
Fax: +1 (412) 967-2781 
California : + 1 (714) 564-0844 
Europe (UK): +44 (1784) 442 246 
E-mail: info@algor.com 
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• RTM-Processable Resins Containing Thermosetting Plasticizers 
These plasticizers lower viscosities without giving rise to volatiles. 
John H. Glenn Research Center, Cleveland, Ohio 
A number of matrix resin 
that con tain thermo etting 
pIa ticizer have been devel-
oped for u e in the re in-trans-
fer molding (RTM) of com-
po ite-material (fiber/matrix) 
parts. The e re in and com-
po ites are candidates for u e 
in manufacturing lightweight 
component of aircraft en-
gines and other structures 
that mu t with tand tempera-
tures up to and perhaps some-
what above 300 cC. 
RTM is attractive for this pur-
po e becau e it is a relatively in-
expen ive proce for producing 
medium quantitie (typically, 
thousands) of complexly shaped 
parts. In RTM, a fiber preform is 
infiltrated with a molten resin 
that, typically, has been partially 
pre-cured ("staged"). For mak-
ing high-<Jualjty parts, a resin to 
be u ed in RTM must have the 
following characteristics: 
• Its vi co ity mu t be low 
enough to allow it to flow 
through the preform without 
distorting the preform; 
• It mu t wet the fibers ade-
quately; 
• Its pOL life at the RTM pro-
ce ing temperature and vis-
co ity must be at least 30 min-
utes; and 
• It mu t outgas as little as possi-
ble during filling of the mold 
and sub equent curing of the 
resin. 
The pre ent resins are based 
on the AMB-21 resin sy tern - a 
less-toxic system recently devel-
oped as an alternative to the 
PMR-15 polyimide system. [The 
indu try tandard polyimide 
matrix re in, PMR-15 was devel-
oped at Lewi Re earch Center 
(since named Glenn Re earch 
Center) in 1971. The PMR-15 
monomer mixture includes 
methylenedjaniline (MDA), a 
suspected carcinogen.] The 
basic AMB-21 prepolymer solu-
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Resin 
2 
3 
4 
5 
6 
7 
8 
9 
10 
11 
12 
13 
14 
15 
16 
17 
18 
19 
20 
Weight Weight Weight 
Percent of Percent of Percent of 
AME-21 DEDPM PEDPM 
50 50 
60 40 
70 30 
80 20 
70 30 
70 
70 
70 
70 
100 
15 
15 
15 
15 
70 30 
60 26.6 
60 31.6 
60 40 
60 
60 
60 
60 
60 
60 
35.8 
26.6 
26.6 
26.6 
26.6 
26.6 
15 
15 
15 
15 
13.4 
8.4 
4.2 
13.4 
13.4 
13.4 
13.4 
13.4 
Thermal History 
(Staging) 
Rotary Evaporation 
100 ce , 30 min 
Vacuum Evaporation 
70 ce , 1 hr 
90 ce , 1 hr 
Vacuum Evaporation 
70 ce , 1 hr 
Rotary Evaporation 
70 ce, 1 hr 
Rotary Evaporation 
70 ce , 1 hr 
90 ce , 1 hr 
Rotary Evaporation 
70 ce, 1 hr 
90 ·e, 1 hr 
110 ce , 0.5 hr 
Rotary Evaporation 
70 -e, 1 hr 
90 "e, 1 hr 
110e. 1 hr 
Rotary Evaporation 
70 "e , 0.5 hr 
110 ce , 1 hr 
Viscosity @ 
120 cC (cPs) 
300 to 1,000 
(Scattered) 
~100 
~ 100 
>1 ,000 
2,900 
2,100 
6,000 
15,000 
2,000 
2,400 
480 
480 
400 
550 
355 
355 
384 
Solvent 
THF 
THF 
THF 
THF 
Acetone 
Acetone 
Toluene 
Acetone 
Toluene 
Acetone 
Acetone 
Acetone 
Acetone 
Acetone 
Acetone 
Acetone 
Acetone 
Acetone 
Acetone 
Acetone 
These Formulations of AMB-21 with the plasticizers DEDPM and PEDPM include some that could be suitable for 
RTM and a few that are unsuitable for RTM because their viscosities are too high. 
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tion i a made by combining three mon-
omeric olutions: 
• 3,3',4,4' -benzoph en one tetra-carboxylic 
ester (BTDE) in methanol; 
• the mono methyl ester of norbomene-
2,3-dicarboxylic acid ( E) in meth-
anol; and 
• bis(aminophenoxy) propane (BAPP) 
in tetrahydrofuran (THF) , acetone, or 
toluene. 
The basic AMB-21 prepolyrner does 
not have the correct rheological proper-
tie for RTM; in particular, its visco ity i 
LOO high. The approach taken in the de-
velopment of the pre ent resins involved 
the reduction of vi cosity through the 
addition of thermosetting plasticizers 
(more specifically, low-viscosity reactive 
diluents that are chemicaIJy compatible 
with AMB-21). Plasticizers thal have 
shown promise include diethynyldi-
phenyl methane (DEDPM), phenyl-
ethynyldiphenyl methane (PEDPM), 
and mixtures thereof. 
During RTM, the plasticizer mole-
cules lower the viscosity of a resin. Dur-
ing the cure that follows RTM, when 
the plasticizing effect is no longer 
needed, the plasticizer molecules disap-
pear via addition reactions, without 
evolution of volatiles. This is advanta-
geou in thal volatiles can give rise to 
undesired voids in the finished part. 
The cured resin ha relatively high ther-
mal stability. The glass-transition tem-
peratures (TgS) of polymerized matrix 
resins formulated and processed follow-
ing this approach equal or exceed the 
Tg (",,300°C) of AMB-21. 
One potential drawback of this ap-
proach is that the high degree of cross-
linking in these resins can suppress duc-
tility and induce a brittle failure under 
single-cyc1e or fatigue loading, or can 
cause microcracking during cure. 
Therefore, the development effort has 
included tradeoff studies to identify the 
formulations of RTM-processable resins 
with the be thigh-temperature tability 
and ductility. The table depicts some of 
the formulation inve tigated thus far. 
Composite specimens made from some 
of these resins have exhibited promi ing 
thermal and mechanical properties. 
These studies were continuing at the 
time of reporting the information for 
this article. 
This work was done by Robert Kovar, Nel-
son Landrau, Margaret Roylance, and 
Thomas Tiano of Foster-Miller, Inc., for 
Glenn Research Center. 
Tnquiries concerning rights for the commer-
cial use of this invention slwuld be addressed 
to liSA Glenn &search Center, Commercial 
Technowgy Office, Attn: Steve Fedor, Mail, 
Stqp 4-8, 21000 Brookpark Road, Cleve-
14nd, Ohio 44135. Refer 10 I.EW-16926. 
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. Molded Plastic Simulated Landscapes 
Lyndon B. Johnson pace Center; Houston, Te as 
imulated land cape of Mar have 
been made of thermopla tic heets 
molded to hapes derived from image 
of the Martian terrain. The e imu-
lated land cape can be u ed to advan-
tage in cientific experiments, imula-
tion , educational display, and other 
application, in which unitary molded 
pia tic heets can be handled more 
easily and po e les ri k of contamina-
tion than do simulated landscape 
made of 100 e rocks. Fabrication be-
gin with the selection of terre trial 
rock with a di tribution of ize and 
textur representative of the terrain 
of intere l. The rocks ar arranged on 
the vacuum table of a thermoforming 
apparatus. sheet of thermopla tic 
material (e .g., polycarbonate 1.5 mm 
thick) i heated to drive off moi ture, 
then i heated further to its oftening 
temperature. When at the oftening 
temperature, the heet i placed over 
the rocks. then \'acuum i applied via 
the table to pull the heet down over 
the rocks. Once thu formed to tbe 
hape of the rock, th heet i allowed 
to cool, then is taken otT the table . Any 
rocks inadverten tly captured in the 
molded heet are remo ed. 
This work was done by Joseph J Kosmo of 
Johnson Space Center. For further infor-
mation, access the Technical upport Package 
(TSP) free on-line at www.nasatech.com 
under the Materials category. 
M ~22885 
- Burn-Resistant, Strong Nickel Alloys 
Precise control of alloy composition affords both burn 
resistance and strength. 
Lyndon B. Johnson Space Center; Houston, Texas 
Investigator at the Johnson pace 
Center White Sands Test Facility (WSTF) 
have developed specification of the 
amounts of alloying elements needed to 
increase the pecific strengths of nickel 
alloys while consi tently maintaining 
their bum resistance. The issue of bum 
resi tance ver us trength ali e because 
pure nickel resists burning in pure 
oxygen at pressure up to >104 p ia 
(>69 MPa), but doe not have enough 
pecific strength to ati fy the require-
ments for use in engineered structures. 
The high bum resistance of nickel 
and of some nickel alloys make them at-
tractive for ome structural applications. 
The e alloys can be used in such oxygen-
enriched structure as hyperbaric cham-
bers and spacecraft, where fires could 
have catastrophic results. Becau e the 
specific strength of pure nickel fall short 
of structural needs, elements with high 
specific trength and low burn re i tance 
- such as aluminum and titanium - are 
alloyed with nickel. Unfortunately, prior 
to this inve tigation, large variation in 
bum re i tance among batches of nomi-
nally identical commercial nickel alloys 
had b en ob erved. For example, while 
one batch of a commercial nickel alloy 
wa found to burn in pure oxygen at 
a pre ure> 104 psia (<=69 MPa), another 
batch was found to bum at a pre ure <5 
x 105 psia (<=34 MPa) . This inconsistency 
www.nasatech .com 
renders the use of commercial nickel al-
loys in oxygen-enLiched trucrure prob-
lematic at best, disastrous at worsL The 
WSTF inve tigators ought to discover 
why this inconsistency occurs. 
The investigators identified an inherent 
loosene in the composition range of 
commercially produced, high-tempera-
ture, high-strength nickel alloys, which 
make the allo mor likely to burn in oxy-
gen-rich atmosphere . Combustion occurs 
because the alloying elements that are not 
burn-resistant - aluminum, ilicon, man-
ganese, titanium, chromium, and iron -
are used in varying quantities to foml pLi-
mary olid solution with nickel. The inves-
tigators found that even small variations in 
alloying content can significantly affect 
burn resistance, For example, in prelimi-
nary te ts on two batches of tile nickel alloy 
I-layne 214, one batch burned at a pres-
ure above >104 psia (>69 MPa) while the 
other batch burned at only 3 X 103 psia 
(",21 MPa) , yet both batche were within 
manufacturer's specifications. Further 
study led to the conclusion that the differ-
ence between the burn resi tance of the 
two batches was attributable to 100 eness in 
the proportions of the alloying elements 
aluminum and chrornium. 
If the proportions of the alloying ele-
ments in nickel alloys wer better regu-
lated, the primary solid solution phase 
could retain both the bum resistance of 
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Proportion of Pressure for Onset of 
Alloying Element, Burning in Pure Oxygen 
Alloy Alloying Element Weight Percent MPa psia 
- Ni-AI AI 1.0 >69 >10,000 
3.0 >69 >10,000 
5.1 >69 >10,000 
10.3 2.1 294 
Ni-Fe Fe 5.0 >69 >10,000 
10.0 >69 >10,000 
20.0 >69 >10,000 
30.0 >2.68 375 
Ni-Cr Cr 9.77 
19.9 
37.12 
50.1 
Ni-Mn Mn 1.98 
6.0 
9.9 
52.1 
Ni-Si Si 5.0 
10.7 
Ni-Ti Ti 1.04 
3.15 
5.01 
8.3 
25.9 
43.9 
The Compositions of Nickel Alloys affect their ability to resist burning. 
pure nickel and the strength of the alloy-
ing elements. The inve tigators found that 
if elements are added in the quantities 
shown in the table, the specific strengths 
of nickel alloys can be increased without 
reducing resistance to burning. The find-
ings of this investigation are expected to 
ensure that differences among the bu.rn 
resistances of manufactured nickel alloys 
can be reduced, without adversely affect-
ing the safety of individuals who live and 
work in oxygen-rich aunosphere . 
Aerogels With Gradients of Density 
>69 >10,000 
>69 >10,000 
2.1 294 
3.4 476 
>69 >10,000 
>69 >10,000 
>69 >10,000 
0.34 47.6 
>69 >10,000 
>69 >10,000 
>69 >10,000 
>69 >10,000 
>69 >10,000 
31 4,340 
0.14 19.6 
0.14 19.6 
This work was done u;,Joel M. StoltzJus oj 
White Sands Test Facility and Mati J. Tayal 
oj Rockwell International Jar Johnson 
Space Center. 
MSG22698 
Density gradients could be tailored to obtain desired properties. 
NASA:S Jet Propulsion Laboratory, Pasadena, California 
Aerogels with gradients in den ity 
have been produced in experiment, 
as part of an effort to develop materi-
al that will be used in outer pace to 
cap rure particles traveling at high 
speed for the TARD ST mi ion. 
On Earth, aerogels with gradients of 
den ity could be u ed as lightweight 
materials with tailorable optical, 
acous ti cal, thermal, catalyst-support, 
or microelectronic-packaging proper-
tie . Tn addition to extremely low (and 
• ASA Tech Briefs, May 2000 
now optionally spatially varying) den i-
ties. aerogels have unique combina-
tions of properties that make them 
economically competitive with other 
materials that would otherwise be used 
in the arne applications. 
One experimental aerogel exhibited a 
gradient of density from 5 to 50 mg/ cnl. 
Depending on the intended application 
the gradiem of den ity in an aerogel com-
ponent could be tailored to obtain. tlle 
desired corre ponding gradient in the 
www.nasatech.com 
optical or acoustical index of refraction, 
optical or acoustical altenuation, pernlil-
tivity, thermal conducti\-lty, or other prop-
erty or properties of interest. 
This wurk was done U;, Leven Junes and 
Peter Tsou oj Caltech Jor NASA' Jet Propul-
sion Laboratory. For further inJonnation. 
access the Technical Support Package (TSP) 
free on-line at www.llasatech.cmn under the 
Materials category. 
NPO-20485 
59 
60 
For More Information Circle No. 428 
Features Include: 
• Six Axes of ForceiTorque 
Sensing (F» Fy Fz. Tx, Ty Tz) 
• High Overload Protection 
• Intelligent Interfaces 
• Sizes from 17mm dia. 
to 250mm dia. 
AppOcations Include: 
• Product Testing 
• Biomedical Research 
• Wind Tunnel Testing 
• Fluid Flow Analysis 
• Robotjcs 
~ ___ IMDUSTRIAL 
.......... • AUTDMATIOM 
~ ~-"'--''''-' 
Tel.' +1919.77Z0115 • Fax: +1919.772.8259 
Email..info@atJ·ia.com · Web:wwwall·ia.com 
Peachtree Center. 503-0 Highway 70 East Gamer. North Carolina 27529 USA 
For More Information Circle No. 429 
NeWonthe 
MARKET. 
Pressure Transducers 
OMEG Engineering, tamford, cr, offers the PX624 
rie pre ure u-an ducers that combine a photo-optical 
en or with SMD electronic circuits. The devices pro-
\~de accuracie of ±O.05% of pan. A getter material in 
the evacuated reference chamber acts as a sponge to 
absorb tray gas molecules as they are released from 
the urface of the reference chamber. Each unit i 
furnished with a 20-point certificate of calibration 
traceable to 1ST. Circle No. 708 
GPS for Data logger 
IOtech, Cleveland, OH, offers 
Global Positioning System (CPS) 
support for its LogBook/360™ 
stand-alone, PC-based data ac-
quisition system. The 16-bit, 100-
kHz system measure hundreds of 
channels without requiring a PC at 
the test ite. The LogBook/GPSTM 
software option uses the worldwide 
GPS satellite network to record geographic location during remote 
and mobile applications. The ystem also can correlate latinlde, longi-
tude, and altitude coordinates with acquired transducer data, allowing 
the user to correlate geographic position with the physical and elec-
trical parameters measured by the data logger. Circle No. 709 
Portable Computer 
Dolch Computer Systems, 
Fremont, CA, offers the 
TransPACTM II ruggedized 
portable computer designed 
to withstand severe shock 
and vibration. It is qukk-
release mounted and fea-
tures an all-metal enclo ure 
sealed from contamination. 
The unit includes a 233-MHz Pentium® MMX processor, and can be 
configured with up to two removable HDD , FDD, CD-ROM, PCMCIA 
slots, and an expansion module with a combination of four PC/ I04 
and PC/ I04+ add-in slots. Other options include a resistive touch-
screen, a GP receiver, and interface modules for RS-232, -422, -485, 
or I II. Circle No. 711 
locking Cotter Pin 
The Bow-Tie™ locking cotter pin from Pivot Point, Hustisford, WI, 
works like a hairpin cotter but locks itself on. The 
cotter snaps into a locked position by either 
pushing or pulling it through the hole. A 
definite action releases the colter, yet it 
cannot be accidentally knocked or vibrat-
ed off. The pin can be used regardle of 
hole position and replaces conventional 
cotter pins in a variety of applications. 
The curved cotter leg provides three 
contact points with the hole, keeping the 
cotter nug. The reusable pin is available 
in sizes to fit 3/16" through 1" shafts, and 
is made of MB pring wire wi th a zinc-plated 
finish. Circle No. 714 
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Newon 
DISK 
Data Visualization for Linux 
Advanced VISual )'l'tems, Waltham, MA. has released Linux versions 
of its AVS/Express0 and OpenVIZTM data visualization technologies. 
AVS/Express is designed for building applications that provide inler-
active, multidimensional visualization and graphics. II is also suitable 
for scientists, researchers, and others who need advanced visualization 
and analysis software. AVSjExpress 5.0 for Linux is a complete version 
of the AVS/Express product built and certified on Linux. Open Viz 1.3, 
available in 1 O().percen t Java, provides portability across Linux operat-
ing systems enabled with aJava Virtual Machine (JVM). Circle No. 715 
Technical Graphing 
____ SPS Science, hicago, IL, has 
announced SigmaPlol 2000 technical 
graphing software that includes more 
graph types, data analysis capabilities, and 
presentation LOols. Users can compute and 
graph a range of errors, including graphs 
with asymmetric error bars, range plots, 
quartile plots, and high-low-dose plots. The 
Quick Transforms feature allows mathemat-
ical data transformations without programming. Built-in templates 
provide the ability to instantly arrange multiple graphs on a page, dis-
seminate work on the Web, or create presentations with a Create 
PowerPoint Slide built-in macro. The program is compatible with 
Wmdows 95/98/NT/2000. Circle No. 718 
Graphing for Mathematica 
Microcal Software, Northampton, MA, has introduced Origin Link 
for Matl'lematica, an interface between Origin0 scientific graphing 
and data analysis software, and Mathematica® integrated technical 
compu ting software from Wolfram Research. The add-on is designed 
to simplify the plotting, customization, and export of publicalion-<Jual-
ity graphs for Malhematica users. It provides access to a large number 
of plot types, along with a point-and-click interface for editing graphs. 
Final graphs can be exported in a variety of file formats, including 
EPS, J PG, and TIF. Origin also acts as an OLE2 graphiCS server for 
Windows applications. Circle No. 716 
CFD and FEA 
Gridgen Version 13.3 CFD and FEA pre-processing software from 
Pointwise, Bedford, TX, feamres new automatic geometry cleanup 
that automatically merges adjacent mesh surfaces within a user-speci-
fied tolerance, elTectively meshing over gaps in any CAD model. Me h 
merging also can be performed illleractively to account for gaps vary-
ing in size across the model. The software also includes new prism and 
pyramid elements, which enable generation of high-<Juality grids for 
complex shapes. The program uses OpenGL® graphi ,operates on 
Window and UNIX platform, and offers IGES imporL CIrcle No. 717 
Collaborative Development 
The PNOTAL family of collaborative 
virtual product development applications 
from Centric ftware, San Jose, CA, i a 
scalable, modular uite designed to opti-
mize the product irmovation cycle. The 
unifYing emironment is based on Internet 
and Windows NT technology. PIVOTAL tudio is the base platform 
from which learn members can define, visualize, manipulate, and sim-
ulate behaviors, and organize all relevant aspects of their program. 
Add-ins and solutions include synchronous and asynchronous collab-
oration, real-Lime visualization, information publish/subscribe, 
process management, behavioral modeling, and connectors to all 
major CAD/CAM/CAE and PDM application. Circle No. 719 
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For More Information Circle No. 434 
Looking for a rotary position sensor with 
non-contact Hall effect sensing technology, 
programmable operating angles, and custom 
mounting designs? Call, fax or e-mail today 
for more information on how we can help. 
~~ OF MIDWEST, INC. 
566411WIN BRANCH DRIVE • MISHAWAKA, IN 46545 
FP:X (219)256-6643 • www.pcmidwest.oom 
(BOO) 221-9257 
For More Information Circle No. 435 61 
ADHESIVE 
POLYETHYLENE & 
POLYPROpnE E 
MASTER BOND POLYMER SYSTEM X17 
• No surface preparation needed . Room 
temperature or heat cure . One component 
system . Easy to apply - brushable 
• High bond strength - shear 
and peel . Excellent 
moisture resistance 
• Convenient 
packaging 
For information, 
call o r write : 
Master Bond Inc. 
154 Hobart Street 
Hackensack, NJ 07601 
201 -343-8983 
www.mlsterbond.com 
Master Bond Inc. 
Adhesives, Sealants & Coatings 
For More Information Circle No. 436 
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New 
LITERATURE 
Industrial Computers 
A 96-page color catalog from Q 1 Corp., alt 
Lake City, UT, offers a range of industrial com-
puters and accessories. Products include hand-
held and panel-mount operator terminals, touch 
creens, vehicle computers, and custom keypads. 
Acce Olies include case, gaskets, rings, connec-
tors, and cables. Ci rcle No. 700 
Measurement 
Solutions 
ational Instruments, Au tin, 
TX, offers the DAQ Designer 
2000 CD that helps engineers 
and dentists interactively con-
figure custom mea urement 
solutions. It can recommend 
real-time data acquisition and motion control hardware and software, 
signal conditioning, computer-based instruments and lllstrument con-
trollers, and image acqui ition hardware and software. Other features 
include video product de criptions, tutorials, data sheets, and applica-
tion nOles. Circle No. 701 
Aluminum Enclosures 
A 12-page brochure from Buckeye 
ShapeForm, Columbus, OH, describes 
heavy-duty extruded aluminwn enclo ures 
in panel-mounted, standalone, and 
portable models. Products include the "E" 
Serie of aluminum cases in standard 1/ 16, 
1/8, 1/4, and 1/2 or izes with lntegral 
card lots on 0.200 centers. Accessories 
include rear panel and tilt stands, carrying 
handles, mounts, and customized acryliC 
front panels. Circle No. 702 
Electronics Equipment 
Motion Control 
pecialized Products, Southlake, TX, has 
released a 400-page catalog offering more than 
5,000 off-the-shelf products targeted to tele-
com, computer, and electronics technicians, 
engineers, managers, and buyers. Products 
include tools, cases, and te t equipment 
de igned for service-related applications. 
Circle No. 703 
A brochure from Thomson Industries, Pon 
Washington, NY, feature a variety of motion 
control products, including linear guides and 
roUer bearings, true planetary gearheads, per-
manent magnet tepper motors, motor control 
packages, ball screw and splines, preclsion 
ball , polymer bearings, and programmable 
limit switches. AI 0 offered are software and 
acce orie. Circle No. 733 
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This Month in 
ilapid Product · DlZvtilopmlZnt ------· ·onllne 
Tools & Techniques To Create Better Products Faster 
Sponsors: 
The web publication for NASA Tech Briefs readers 
J1. 11 Tech Bri¢' to rally digital publication, Rapid Product 
Development Online (ww\v.rapidproducts.net), helps en-
gineers develop better products faster b giving them im-
mediate, 24-hour acces to the late t information on CAD, 
FEA, modeling, reverse engineering, and rapid prototyp-
ing tools and technique . 
RPD Online includes feature stories, industry and prod-
uct news, product reviews, show coverage, demos, links, 
and a keyword-searchable supplier guide. 
Thjs month's RPD Online includes: 
• Conceptual Aircraft Engine Design Time Reduced 
from One Week to One Hour - Computerized opti-
mization has helped NASA dramatically reduce the time 
for concurrent engine and aircraft design. 
L--___ New CFD Code Cuts Design lead Time for Automo-
tive HVAC Systems by 75 Percent - The latest genera-
tion of unstructured mesh computational fluid dynamic 
(CFD) software makes it possible for engineers to model 
complex HVAC components in a single day . 
• Show Update - ews from the Rapid Prototyping & 
Manufacturing Conference and Exposition held last 
month in Ro emont, IL. 
'-------------- New Products - This month's featured products in-
clude integrated software modules for plastic injection 
molding; a flame-retardant nylon; and oftware for facili-
tating the mold, tool, and die machining proce s. 
Solid Edge is 
Unigraphics 
Solutions' 
mid-range 
CAD software 
package. Be sure to visit www.rapidproducts.net for the lat-
est information on the rapid product development 
industry. For advertising and sponsorship informa-
t ion, contact Joe Pramberger at joe@abptuf.org; 
Tel : 212-490-3999. 
Spatial www.rapidproducts.net 
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SIMULATE ANYWHER~ 
Will your mechanical designs 
work? Will they break? Until now, 
getting good answers to these 
questions required powerful 
computers, lots of training, and 
expensive software. 
e.visualNastran changes every-
thing. With just a standard PC and 
an internet connection, you can 
perform advanced simulation of 
stress and motion. Anywhere. 
Go to www.engineering-e.com/e 
to begin simulating anywhere-
today. 
e.visualNastran 
rew rites a II th e 
simulation rules: 
It's fast. MSC's servers 
do the real number-
crunching-which 
makes short work 
of even complex 
simulation. 
It's easy. The simple 
user interface and 
compatibility with all 
major 3D file formats 
make it easy to get 
real results. 
It's inexpensive. Use 
e.visualNastran free 
for 60 days. After 
that, a low monthly 
subscription covers 
your use. 
It's secure. Industry-
leading security 
measures allow you to 
use e.visuaINastran-
while protecting your 
valuable data. 
ENGINEERING e.com 
www.engineering-e.com/e 
The Power 
Searching for powerful data 
analysis and advanced graphics? 
With IDL, the Interactive Data Language, you can build applications 
that manipulate complex or large datasets from various sources to 
detect and display patterns, trends, and anomalies. IDL also 
handles unique data such as DICOM, DXF, HDF, and HDF-EOS. IDL 
provides a rich set of analysis capabilities to help you explore your 
data and visualize results using hardware accelerated OpenGL 
graphics. IDL is the complete development environment for 
building high quality cross-platform applications. 
~~ENVI., the Environment for Visualizing Images, provides 
comprehensive functionality if you need a solution for remote 
sensing. ENVI supports all types of satellite and aircraft sensors, 
DEM's, GIS layers, and real-time GPS inputs. ENVI may be the most 
scientifically based spectral analysis tool available, but it also 
provides vector editing and query capabilities. And since it's 
"Powered by IDL", you can expand ENVI's features and create your 
own routines. 
POWERED .v 
55i IDL Download IDL and ENVI today at www.researchsystems.comlunique 
For More Information Circle No. 551 
